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PREFACE 


in calling this book “Physiography'' we are merely accepting 
the American usage of a not very fortunate term. The central 
theme of the work is the land forms of western United States 
and how they came about. There is no doubt about this center 
of interest, but the circumference of an appropriate mass of fact 
may be hard to fix. A companion volume on the “Physiography 
of Eastern United States" is now in preparation. 

It may be assumed that geologists and geographers have equal 
interest in land forms, but the quality of their interests is very 
different. To the geologist land forms are a kind of final product, 
the end of a story. To the geographer they offer a beginning, a 
point of departure. To the former, land forms depend on all the 
physical processes of geology. To the latter, they depend on 
nothing; almost everything else depends on them in some 
measure. 

According to the above-made statement of our central theme 
this book is mainly geological. It treats land forms as effects, 
not as causes. But before doing so, or while doing so, it is 
necessary to devote a large share of space to the description of 
forms as they are. Such descriptions have equal interest to the 
geographer. Moreover, to a writer who shares the geographic 
interest there is a constant temptation to clothe these land forms 
with life by pointing out their influence on climate and life and 
habitation and civilisation. No attempt has been made to 
resist this impulse but, on the other hand, there is no attempt 
to treat such matters systematically or symmetrically for all 
parts of the territory. They belong to the illustrations, not to 
the systematic framework. If industries are named in one 
section of the country and not in another it is merely because 
they serve to illuminate a point in one case and not in the other. 

Natural resources are given some mention in connection with 
most of the divisions, but their critical discussion does not belong 
here. Minerals, like land forms, are products of the geological 
past. Generally these two things are not closely related though 
there are cases in which economic physiography plays an impor- 
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tant role, as in the accumulation of soluble salf« under certain 
climatic and drainage conditions like those of the Great Basin- 
Agriculture and grazing are so plainly related to climate and 
topography that a brief mention is adequate. Ground water is 
so closely related to physiography that frequent mention of it 
is Inevitable. 

Necessarily the material for such a treatise must be found 
largely in the geological literature. The writer has been in all 
of the provinces and most of the sections and has done geologic 
work in several of them, Such personal observations have 
made reading more profitable and writing more critical, but the 
great mass of the material must necessarily be taken from others. 

A relatively small part of the literature on which this work is 
based was produced with a direct physiographic purpose. 
Most of the facts were ascertained In the course of areal or 
economic studies in geology and published in official reports or 
as papers read before geologic societies or as magazine articles 
of geologic character. 

Some parts of the territory have been studied by geologists 
for many years and are adequately treated in the literature both 
on their own account and as types of physiographic development. 
The temptation to elaborate disproportionately on these was 
steadily resisted. On the other band, there was constant effort 
to fill in the picture with respect to the great intervening areas. 
In a sense, all places are of equal interest when one is trying to 
get a mental picture of a great area. With respect to some 
areas it has not been possible to give much more than a 
geographic description. 

Some parts of western United States are sufficiently well 
known to make much fuller treatment possible. Others will be 
better known in the future. In either case, or in any other case, 
the aim in writing these chapters has been to give a consistent 
frame in which additional knowledge may find a setting. It is 
only by having some such framework of larger facts and theory 
that a great mass of areal information may be made to bring 
light instead of confusion. It is highly desirable that the 
physiography of smaller units, counties, sections, and districts 
variously defined, be studied and published for local use. Some 
such treatises already exist. Such local treatises will be vastly 
more useful if all conform to some previously accepted scheme 
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of physical units for the entire country. They will thus conforin 
with one another. 

The student of a small area may well find the i real men t here 
given inadequate to his district. In describing or discussing largo 
units covering 10,000 to 50,000 square miles, it is of the essence 
of the problem to ignore details which may be vastly Important 
locally. Especially in the vicinity of physiographic boundary 
lines is it necessary to take into account the difference hot ween 
describing a large area and a small one. Most of the physio- 
graphic boundaries thus far published have been drawn by 
students of large areas on small-scale maps. The discrepancies 
arising from generalisation need not be faced here, except to 
point out that they are to be expected. Generalisation wouhl 
not be properly done if such things did not occur. On the 
other hand, it is to be expected that the critical student of a 
small area bounded or traversed by any of the lines here used 
will delineate such boundaries with a degree of detail suited to 
the scale on which he works. 

A knowledge of the elements of geology and physiography 
on the reader's part is assumed. The book is addressed to those 
who have such elementary knowledge. While not written as a 
textbook, the interests of advanced students were kept uppermost 
in mind throughout the writing. For a number of years the 
writer has used manuscript copies in his class composed of men 
who have had general and historical geology and were studying 
at the same time structural and economic geology and other 
advanced phases. 

A matter of interest to geographers is the division of the 
country into natural physical units called provinces and sections. 
Fortunately the most obvious divisions are much the same 
whether made by the geologist or the geographer. The map of 
physical divisions of the United States which accompanies this 
volume is the product of development through more than .30 
years. The early work of Powell and others was exceedingly 
general and no attempt was made to locate boundaries. The 
first attempt to define the actual boundaries of natural units 
seems to have been by the present writer in the “Annals of the 
Association of American Geographers “ for 1914. On the map 
published in that volume some of the divisions now recognized 
appear for the first time. In 1916 a committee of the Associa- 
tion of American Geographers (with the writer as chairman) 
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elaborated the map, leaving it in a form not very different from 
the one that accompanies this volume. The last revision was 
made under the auspices of the United States Geological Survey > 
which issues the map as a public document. For many years to 
come, all maps of this kind must be subject to alteration and 
refinement as knowledge increases. 

Nevin M. Fenneman. 

Cincinnati, Ohio, 

Dtctmber, 1930. 
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PHYSIOGRAPHY OF WESTERN 
UNITED STATES 

CHAPTER I 

GREAT PLAINS PROVINCE 
THE PROVINCE AS A WHOLE 

Appronmate Boundaries. — The name Great Plains’’ has 
long been in use for a broad belt of highland which slopes gradu* 
ally eastward from the Rocky Mountains to the C'enlral Lowland. 
In popular usage the limits of this belt are not de6ned, nor arc 
the essential characteristics by which it is distinguished from the 
lowlands on the east. The term "Great Plains" has commonly 
been associated in the popular mind with monotony of landscape; 
also with short grass which has in a rough way distinguished the 
Great Plains from the Prairies or "Iong«grass country" to the 
east. 

In appropriating the name "Great Plains" to more exact 
usage, the urea has been limited in various ways. Perhaps the 
line of 20 in. rainfall has been the most used boundary, because 
in a very rough way that line has been assumed to mark the 
limit of agriculture without irrigation. In some ways this lino 
is fairly satisfactory but since the introduction of specialized 
methods of dry farming in arid regions this criterion of "agri- 
culture without irrigation" has lost much of its meaning. If it 
means raising the ordinary crops of the Mississippi Valley, and 
in the ordinary way, planting every year with a fair expectation 
of returns, It is still true that roughly 20 in. rainfall are re<|Uired 
in central United States. Farther south increasing heat and 
evaporation make more water necessary. Conversely, with 
decreasing temperature and increasing cloudiness toward the 
north, farming of the ordinary eastern type may often succeed 
on 15 in. rain. The line of 20 in. rainfaU trends west of south 
from eastern North Dakota to western Texas (Fig. 1 ) The 

1 
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limit of agriculture of the Mississippi Valley type trends more 
nearly north and south- Both lines are exceedingly indefinite 
and vary greatly from year to year. 

Since the contour lines of this region trend nearly north and 
south, and since the increasing altitude westward is one of the 
causes of the climatic contrast, (he Great Plains have some- 
times been delimited on the east by contours. For this purpose 
the 1,500-ft. line has been used by some and the 2,000-ft. line 



Fio. 1.*— Great Plains refion. ahowinf linee of equal rain fall and 11 nee of 
equivalent rainfall. The solid lines marked 15 and 70 On.) pats through points 
of equal rainfall. The eorreeponding dotted linea pass through points having a 
rainfall which is equivalent to IS and 20 in., respectively, on the Canadian 
boundary. iU. 8. Dept. Apr. Bur. Plant InJ.) 

by Others. Still others have used a rueridian, the 97th which is 
not far from the 1,500-ft. contour in Kansas and Nebraska, or 
the lOOth which is, in a general way, not far from the 2,000-ft. 
contour. Of course, none of these lines are visible in the field 
and none of them express distinctions between topographic forms. 

Eastern Boundary Here Adopted. — A study of topographic 
forms makes it possible to draw a nearly north-south line in 
rough agreement with those already mentioned and separating 
the characteristic topography of the Central Lowland on the 
east from other types which characterise the higher plains on the 
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west. Throughout the greater part of its length this line is 
marked by a low east -facing escarpment » definite at some places, 
elsewhere ragged and deeply indented or transformed by erosion 
into a belt of hills. At still other places it is absent. Every- 
where east of this line the surface is lower. Locally, at least, this 
indicates the approximate completion of a younger erosion cycle 
on the east side. The term Lowland,” as applied to central 
United States, is justified by comparison with the Great Plains 
and other provinces, but it is not to be understood that every 
portion of it lies close to its base level. 

In North Dakota (Fig. 3) this province boundary may readily 
be recognized by an observer standing near the western margin 
of the Central Lowland, say 50 to 75 miles east of the Missouri 
River. Looking west, or southwest, the surface is seen to rise 
gradually but perceptibly like a range of hills or like a gently 
sloping ridge 300 to 400 ft. high (700 ft. if measured from the 
valley of the Souris River near the Canadian border). This is 
the eastward-facing edge of the Missouri Plateau, the northern 
member of the Great Plains province.* The escarpment is dis- 
tinct for hundreds of miles in southern Canada, or about to the 
Saskatchewan River.* It is likewise clear in (he northern part of 
South Dakota and continues to be recognizable almost to the 
southern border of that state (see page 61). 

In southern South Dakota and Nebraska the Central Lowland 
merges imperceptibly Into the Great Plains, but in northern 
Kansas (Fig. 2) the eastern margin of (he Plains province is a 
hilly belt to be described under the head of (he Plains Border. 
As far south as central Kansas there is a mild contrast between the 
smoother or more gently rolling Central Lowland and the higher 
and more sharply dissected Plains Border. If the Great Plains 


• Willard, D. E., "The Htory of the Prairie*/' p. 72, 1907; U. S. E>cpt 
Agr., Field Oper. Bur. Soil#, map 33, 1908, Iteeonn a Usance Siirvcj' of 
Western NoHh Dakota; Simpson, Howard E., The Phvsiograpliv of the 
I^wiVa-Stump Ukc llogion, NoHh Dakota, pi. X, N. D^k. Clwl Survey 


« Exact dcscTiption# of thU feature in Canada are wanting, though it is 
known to be a significant boundarj* between regions of different elevation 
and relief. This contraat is noted by G. M. Dawson in liU “Report on the 
Uology and Resource* of the Region in the Vicinity of the 49lh Parallel " 
Montreal, 1875. The northward extent here given U inferred from the 
description by C. A. Young, Geology and Mineral Resources of Canada 
Can. Owl. Survey, Pub. 10^ p. 108. ^u*ua, 
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bouDdary in the Dakotas be connected by a nearly straight line 
with the eastern edge of the Plains Border in northern Kansas, 
the line thus drawn will mark essentially the western edge of the 
glacial drift. The drift does not greatly influence the topography 
at this place but in various ways it is convenient to use its edge 
us the province boundary.' 

In south central Kansas there is another break of 50 or more 
miles within which the province boundary U unaccompanied by 
a topographic break (see Great Bend Lowland, page 27). 

In southern Kansas, along the boundary indicated on the map, 
there is a pronounced escarpment 300 to 400 ft. high, ruggedly 
dissected and locally known as the Red HiUs. This escarpment 
swings westward in Oklahoma and continues southward in Texas, 
rising above the lowland on Permian shale and capped by the 
Tertiary of the Great Plains. 

Along the streams which cross the Great Plains or bead in 
their margin, this escarpment is generally definite, being 200 to 
500 ft. high and locally dissected into badlands. At some places 
between streams there is a mere steepening of the general east- 
ward slope. Generally in Texas (Fig. 4) the transition between 
the High Plains on the west and the more or less eroded lower 
plains on the east is effected within a zone of one to six miles 
in width. ^ In general, the edge of the High Plains section is 
more prominent where the Tertiary formations rest on strong 
scarp-making beds. This is the case in the Ked Hills of southern 
Kansas and again in Texas south of the 35th parallel, where 
Triassic and Cretaceous formations outcrop in the escarpment 
and accentuate it. 

Altitudes and Slope. — The eastern boundary here traced, 
nowhere departs very far from the contour line of 1,600 ft., 
except at the north where it rises to 2,000 ft. The western 
boundary at the foot of the mountains averages perhaps 5,500 
ft. with a range of 1,000 ft. above and below that altitude. This 
indicates a fall toward the east of about 4,000 ft. Since tho 

' If Nebraska could be treated without reference to the rest of the country 
this line would not be made a major physiographic boundary. But a work- 
able division of the United States requires that the Central Lowland be 
delimited from the Great Plains province despite the local weakness in 
the contrast. 

* GooLD, Chables N., Geology and Water Resources of the Eastern 
Portion of the Panhandle of Texas, U. 8. Geol. Survey, Wof Sup. Pop. 164, 
p. 9, 1906. 
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width of the province is nowhere much more or less than 400 
miles, the average slope is approximately 10 ft. to the mile. 

Sections Dlstmguished. — With the general altitudes and 
slopes here given there is large diversity in detail of topographic 
style. For any adequate description of the Great Plains the 
province must be divided into 10 sections, and most of these 
embrace a variety of topographic types. It will be desirable to 
distinguish the several sections before discussing each more 
fully. For this purpose it is convenient to begin with the central 
part of the province, i.e., in Colorado and Kansas, because this 
portion exemplides most simply the essential principles in the 
treatment of the several sections. 

The most striking feature here is the phenomenal flatness of 
the interslream areas near the Kansas- Colorado boundary 
(Fig. 2). Nearer the mountains there has been more erosion, the 
flat has been destroyed, and the surface somewhat lowered, so that 
in parts of eastern Colorado there is an actual interruption of the 
regional eastward slope and a rise from the west to the flat 
interstream areas of eastern Colorado and western Kansas. 
Going east from western Kansas, the upland flats give way to a 
roughly eroded zone which intervenes between the flat uplands 
and the Central Lowland. 

It is plain that here the central zone is made up largely of 
remnants of a single great expanse of fluviatile plain or alluvial 
slope which is known to have spread from the mountains on the 
west and presumably reached to the Central Lowland. It is 
equally plain that its eastern margin has been most exposed to 
erosion, being near the trunk line of drainage and in a relatively 
humid climate. It is characteristic of plateau dissection to begin 
at the outward-facing edges, and progress inward as the streams 
lengthen headward. Thus the easUrn margin of the great 
fluviatile plain has been dissected into the "Plains Border" 
and this dissected zone is progressively widening west ward at the 
expense of the "High Plains.” 


The croBion of the western ma^n of the fluviatile plain 
hM likewiw given greater relief to the area known as “ Colorado 
Piedmont. This seems at first a paradox in view of the fact 
that there is less rainfaU here than farther east where the old 
plain surface is preserved. It has been pointed out> that the 

■ Johnson, Willarh D., The High Pl.ins Their I'filie.tion 11 ‘l 
Geol. Survey, 21« Ann. Repr., pt. IV, p. 628, I9W U. S. 
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slightly greater rainfall of eastern Colorado covers the plains 
with a tight sod whereas the smaller rainfall to the west supports 
only bunch grasses and other well»separated plants. Against 



2.— Index mep; eentral part of the Great Plains province. (Drawn by 

Guy*Harold Smith.) 


this poor protection the smaller rainfall of the western strip 
is more effective in erosion than is the larger rainfall farther 
east. Another and equally important factor in the more rapid 
erosion of the western part is explained on page 36. 
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The central Great Plains in Colorado and Kansas arc thus 
seen to embrace three sections: a residual area of almost i>crfcct 
plains in the middle, known as the High Plains (13 rf on the general 
map), with a more eroded area on either side; the Plains Border 
(13 e), on the east; and the (’olorado Piedmont (13/), on the west. 
These are three of the !0 sections of the Great Plains province, 
all of which are to be discussed later on. With this genera) 
scheme in mind, most of the other sections may be easily defined. 

The High Plains section extends north about to the Dakota- 
Nebraska boundary, where it occupies the full width of the 
pro\ ince. It ends here in the prominent north-facing Pino 
Ridge escarpment (Fig. 8, page 17), 1,000 ft. high in the longH 
tude of the Black Hills, but lower to (he west and less definite 
farther east where it follows the south side of the Missouri 
River. Continued erosion is, of course, shifting this escarpment 
southward. The High Plains are, therefore, losing ground on the 
north as they are on the east and west. They were at one time 
much more extensive. 

North of the Pine Ridge escarpment is the Missouri Plateau 
embracing three sections; an unglaciated section (13 l») in the 
south; a glaciated section (13 a) in the north; and the Black 
Hills section (13 c) entirely surrounded by the unglaciated 
Missouri Plateau. The Missouri Plateau is distinguished from 
the High Plains by deep erosion. It has not recently been 
leveled up by new deposition. Hence where its surface locally 
approaches flatness it is generally the flatness of old age not of 
infancy, except in the case of river terraces, some of which 
are wide. A surface of generally rolling terraces with many low 
scarps indicates old age after a complex history (page 64). At 
wide intervals are remnants of higher surfaces, from a few 
hundred feet on the east to a few thousand feet on the west 
above the general level. Elsewhere, especially near the Black 
Hills, arc badlands which indicate rapid cutting in a new cycle 
of erosion. 

The glaciated section of the Missouri Plateau differs from the 
section just described only in features due to glaciation. The 
Black Hills section, a true mountain uplift, is distinguished not 
only by superior altitude but by its upturned strata, erosion 
of which has produced a characteristic moun'ain topography. A 
half dozen or more similar but smaller mountain groups stand 
on the plains of Montana east of the Rocky Mountains. None 




Fid. 3.— Index map: northern part of the Great Plainx province. (Drawn by Guy- Harold Smith.) 
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o\ these are considered lai^ enough to be treated as separate 
sections. They are accordingly treated below as exceptional 
features of the sections in which they occur. 

The High Plains extend south under the name of Llano 
Estacado, almost to the Rio Grande. West of the southern 
part are two more sections which sustain somewhat the satno 
relation to the High Plains as does the Colorado Piedmont ; 
that is to say, they are areas in which the fluviatilc mantle of 
the High Plains is missing. The Raton section (13 lying in 
northeastern New Mexico and southeastern Colorado is char- 
acterized by its uplifted and canyoned stratum plains, its high 
dissected mesas, some of them lava-capped, and by other vol- 
canic features (see page 41). South of this is the Pecos section 
(13 h) consisting of the Pecos and upoer Canadian valleys, 
together making a long trough carved from what was once a part 
of the High Plains but whose axis is now 500 to 1,000 ft. below 
the Llano Estacado on the east. 

South of the Llano Estacado is a continuation of the same 
plateau, though declining somewhat in altitude. This southert\ 
extension is called the lOd wards Plateau (13 t) and includes the 
Stockton Plateau west of the Pecos River. Its substratum 
consists of strong limestone strata lacking the fluviatile mantle 
which is so characteristic of the High Plains. This plateau 
terminates in a distinct but much dissected escarpment on all 
sides except where it borders the Llano h^tacado on the north 
and, for a short distance, the mountains on the west. The 
center of the ICd wards Plateau remains a nearly level upland. 

East of the southern end of the Llano Estacado and north of 
the Edwards Plateau is the (‘entral Texas section (13 /;), a region 
of great topographic variety sustaining much the same relation 
to the Edwards Plateau as the Plains Border does to the High 
Plains. Over all this part of Texas the strong Edwards limestone 
(lower Cretaceous) once formed a continuous eastward-sloping 
cover. The extent to which this protecting stratum has been 
eroded away is the moat essential consideration in distinguishing 
the larger topographic units in this region. On the west and 
south the strong limestone cover remains intact in the Llano 
Estacado and Edwards Plateau. In north central Texas it 
has been wholly removed and the weaker rocks beneath pene- 
planed (Osage section of the Central Lowland). On the east the 
protecting limestone is faulted down along a line running almost 
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through Austin and Waco. The down-thrown block continues 
to be covered with younger strata. Both the lower altitude of 
this eastern block and the style of topography carved on its 



younger and softer rocks class it as part of the Coastal Plain. 
Hemmed in by the sections thus described is the Central Texas 
section in which the cycle of erosion was only in part completed. 
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Some of the various and strongly contrustoil stylos of topography 
within this partly baso-levcied section arc close ri bed on pages 54 
to 59 inclusive. 


HIGH PLAINS 


As already stated, the High Plains (13 d) comprise a north- 
south strip stretching from the boundary of South Dakota almost 
to the llio Grande. The most typical part of this section lies 
south of the North Platte Kiver, /.r., south of Wyoming and 
Nebraska. The following general discussion refers primarily 



'J —Typlriil vkw of HUh PUins in wMtern Kaniw*. Thix ol:iih » 
rMOhUully llio untfiriuj «in)or tnthro of (he OsuloMu forin»(in». Ttie »oci Bee n 
JM thu the rharnHerlKilr “.hort grnm” of the Hkh VUim. TIk 

tree# were i»luritca. bg OitfHrt. U. S. GW. Survtk,) 


to this part, though it is also in the main true of the northern 
portion except as pointed out later. 


Fluviatile Origin. -As stated on page 5, these High Plains 
arc remnants of a former great fluviatile plain which slrelchcti 
from the niounliiins on the west to the Ccnlral Lowland.' The 

‘ (Ili-BKiiT, (j. K., f,„l. rKroii...! Wal.T of ll.r Arkansas Valtoy ii, Kastnn 
Oiloraa.,, It, h. (,..,,1. supvi-y, 17»S A,.«. pi. H, p. 575, 

r.'K.cm IS alK.’ ...ore in .lot.il by W, D. John«.n, The IliRl, Plains 

^Mior^r ,1" 'J""'" '* to be dominant bat minor 

'<""Por«ry lakes or by win.l, Tliis 
<i,»..,.M^ ,he a..„lo,.v and t«p.«mph,v of tl.e Hiah Plain, tbomughly, 
and tiiiir sellleim'.il and utilisation to llic dale of writing, ® ^ 
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fluvialile mantle was laid down by overloaded streams after the 
manner of alluvial fans, or of flood plains when the streams 
are building so many bars and shoals that the water is subdivided 
into many channels, each of which is in turn filled, and the 
streams shifted. Again, when a stream has raised its channel 
by deposition, it may break over in one or many channels which 
may reunite if the flow is sufficient. In these ways the stream 
becomes braided/’ Not only each channel but the entire 
network is subject to shifting as the old channels are flikd. 
Shallow lakes covering areas which temporarily escape filling 


Fio. S. — Tributary and diatribuUry resiooa of a fan*buildins atream. This 
6gure rfpreMnts a typical atrram durinf (ho dopotiUon of tho "Tertiary mantle” 
which once covorod the jrreater part of the province. In the mountaina the 
watora were gathered and valloye were cut down: on the pleina the water was 
diaaipated and loet and eedimeot woe depoeited. (JV. D. Johmw. U. S. Oeol. 
Suntif.) 

are incidental and evanescent features of this process. Such a 
depositing stream may shift laterally for many miles and the 
deposits of neighboring streams may overlap and merge. Near 
where the streams issued from the mount uns, each stream built 
its own alluvial fan but farther out the fans merged into a single, 
broad, alluvial slope. Such deposits were made in this region 
in late Tertiary time and are frequently referred to as the 
“Tertiary mantle.” 

This fluviatile character of the Tertiary mantle is important, 
for it determines not only the original topography but the internal 
structure of the mass — in this case the distribution of sand, 
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gravel, and silt. This in turn influences (he erosion topography 
and determines the behavior of ground waters and their 
atilization. 

Character of Sediments. — The evidence of fluvialilc origin 
is found in the nature of the sediments and in their mode of 
distribution. The matcriul is largely unconsolidaled silt with 
smaller quantities of sand and gravel.^ Lime is so abundant 
that any one of these constituents may be found locally cemented 
into a coherent and rather resistant mass. These mas^ are the 
so-called “mortar beds’" which, in eroded areas, may make 
ledges, cliffs, or mesas. Near streams, where erosion is active, 
hills are so frequently surfaced with gravel ns to give the impres- 
sion that gravel is the main constituent. In reality the silt is 
much more abundant but where erosion is active the hner con- 
stituents are progressively washed away, leaving the gravel to 
iiccumulato on the surface. 

A critical study shows tha( the gravel and .sand are not dis- 
tributed haphazard through (he mass but arc concentrated in 
long bands having crooked or winding courses with a dominant 
cast-west direction. These branches intersect and reunite like 
the threads of a great net much stretched from west to cast.- 
This is true not only at the surface but at any depth; the bands 
of gravel, however, occupy different positions at different depths. 
This arrangement suggests at once that the bands of coarser 
material repro<$ent the channels of the overloaded, braided, and 
constantly shifting streams which built the fluvialilc plain. 

The thickness of this unconsolidated material varies from zero 
to more than 500 ft.; that is to say, i( is laid down on an uneven 
surface. This means that before the rivers began their deposit- 
ing habit they and their tributaries were at work on the task 
of base-leveling the area but left the task incomplete, reversed 
their act Ion, and began to undo the effects of their erosion. Over 
much the larger part of (he Oreat Plains (south of Montana, at 


' Johnson, V*\ D., lac. cU,, p. 63S. Tho protJominanee of sill is^^mphaaisinl 
by Joliiwm, Ibmijjli Ihrproponiohsarfnol evtT>wlicTP theRjiiiir. (lit.BKUT 
elt., p, 570, KluU*a that eoarac Band m llic riwt nmirnni in tho Arkansas 
Valley of crwtfm O.Iorado, but he slate* tbnt within n In'lt of 

undotermiiu*<l wiclih in this valley the material baa boon more or leas 
«0ian<lU‘fl. Apparently this pn^loniinanec of eoaree sand is in the bolt 
vvlnrh I'as been nubjeeted to rcaasortment during the cutting of the present 
Arknnsus Valley, ^ 

» JoiiNKON, Wru.AHo D., loc. ctf., p. 034. 
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least, and probably covering part of that state) the fluviatile 
deposits completely buried the uneven rock surface except for a 
few high rock hills which now stand island*like above the level 
of the High Plains. 

As may well be inferred, the Tertiary mantle is porous and 
absorbs the surface waters. Thus erosion is prevented or 
delayed. Beneath this mantle, shale is the commonest rock. 
Where streams have cut through (he upper formation, springs 
and seepage are common at the contact. 



Pio, 7.— A scKCQlled "buffalo wallow" in the typical High Plaine. Thia ia 
not a true buffalo wallow but a depreaaton due to local aettling of tha wdiruenta. 
The aod aeen in thia view is the characteriatlc "short grass" of tha High Plaina. 
(TT, D. John»on, V. S. Gfol. Swrecg.) 


Topography. — The surface produced by this alluviation Is 
as flat as any land surface in nature (Figs. 5 and 7). Many 
thousands of square miles still retain this flatness. In the 
Llano Estacado or Staked Plains of Texas and New Mexico an 
area of 20,000 square miles is almost untouched by erosion. 
North of that, the drainage from the mountains is directly east- 
ward across the belt of the High Plains and the original flat is 
preserved only between streams. 

Among the few and generally insignificant features of relief 
on the uneroded High Plains are saucer-like depressions, nearly 
circular basins varying in diameter from a few rods to a mile, 
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and in depth from a few inches to 30 or 40 ft. The rim is often 
perfectly definite and formed by the abrupt up-curving of the 
well-sodded bottom to meet the surrounding plain (Fig. 7). 
Some of these basins retain temporary ponds after rains and a 
few of the deeper ones contain water all the time though in vary- 
ing amount. Two small counties in the heart of the Staked 
Plains contain from 60 to 60 such temporary lakes besides a few 
called permanent. The latler> though the water is warm and 
ill-tasting, were of great importance to early traveler and 
wagoners. Later, they became important centers of the cattle 
industry and some of them have detenninod the sites of towns, 
as for example Amarillo.* It must not be assumed that basins 
of this sort, cither large or small, even where most numerous, 
are sufficiently prominent to affect the general aspect of flatness. 

In the simplest case these saucer-like depressions represent a 
mere settling of the surface, probably due to the action of ground 
water. The faintest original unevenness, not visible to i he naked 
eye, would cause rain water to percolate downward in larger 
amount where the surface was slightly lower. This would result 
in compacting the material below and in removing soluble con- 
stituents. This process would be cumulative as the basin 
deepened,* Subsurface drainage is of necessity more or less 
concentrated along the bands of gravel Accordingly, depres- 
sions of the kind described often occur in lines or series.* Ordi- 
narily the bottoms of these depressions bear a tenacious sod of 


buffalo grass or similar short grasses, hence the wind does not 
aid in deepening them. Whore temporary lakes arc formed 
the grass may be killed and in the intervals of drought the basin 
may be enlarged by wind. 

The term "buffalo wallow" is much used on the Great Plains 
for small circular depressions, though in many cases without 


' Goold, C. M., Geology *ri<l Water lieaourccs of the Western Part of tin* 
Panlio^dlc of Texas, V. 8. Gool. Survey, Wai. Sup, Pap, 101, p. 60, 1907 
uIbo GcoIobv and Water Itcsourccs of the Eastern Pari of the Panhandle 
of Texas, U. 8. Gcol. Survey, Wai. Sup. Pap. 154, p. 48, 1906. 

’Johnson, W. D., The High Plains and Their Utilixaiion, U- S Gcol 
Survey, 2U| Ami. Rtpl,, pt- IV, pp. 704 and 7ia 

♦Haworth, E., Physiography of Kansas, Kan. Univ. Gcol. Survey, vol 
If, p. 10, 1606. 

Hawokth E., tTnderground Water of Southwestern Kansas, U S (ieol 
Purvey, Wat Sup. Pap. 6, 1897. 

JoimsoN, W. D., toe. «/., p. 710, pi. CXXXIX B. 
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warrant. The real buffalo wallow is a shallow depression which 
(regardless of origin) has been enlarged by the aid of animals. 
Herds of buffalo once thronged to temporary ponds. Because 
of mud carried away after wading and wallowing, and the dust 
blown away on account of stamping and throwing up soil with 
their horns, many basins were much enlarged. The grass being 
killed, wind erosion was also favored, even when no herd was 
present. It will be readily seen that basins thus enlarged would 
lack the abrupt edge shown in Fig. 7. 

Sand dunes occur here and there throughout this section as in 
most of the other sections of the Great Plains. In many cases 
they fringe the leeward sides of rivers, deriving their sand from 
the channels. In other coses they are due to the assorting action 
of the wind on the unconsolidated substratum of the High 
Plains.^ Where the grass is temporarily killed the wind may stir 
up the soil and carry away the silt to be added elsewhere to the 
widespread loam or loess, leaving the sand either in place as a 
residual mantle or urged gradually forward in migrating dunes.^ 
Hills of sand, both residual and imported, occupy patches varying 
in sise from a few square miles to a few hundred, occurring 
throughout the High Plains, but south of Nebraska they form 
only a very small proportion of the entire area. 

Subdivision of the High Plains. — Most of what has been said 
thus far refers primarily to the High Plains south of the 4l8t 
parallel, roughly the course of the Platte River. North of that 
line there are important differences which in a more minute 
subdivision of the United States would determine subsections. 

At least four such divisions are determined in extent by the 
geological formations which underlie them. Three of these 


' GiLSERT, 0. K., loe. cU., p. 578, shows that the proimnent dune area in 
the Nepesta quadrangle, east of Pueblo, b of this origin; see also Fisheb, 
Cassius A., Nepesta folk> 135, p. 3, U. S. Geol. Survey; ef- Gould, C. N., 
U. S. Geol- Survey, Wat. Sup. Pap. 154, p. 11, 1906, and Wai. Sup. Pap. 
191, p. 35, 1907. 

> Through almost its entire course across this section the Arkansas River 
is bordered on the south by a line of sand hills from 2 or 3 miles up to 20 
miles in width. It is assumed by Gilbert, loc. cit., p. 580, that these represent 
the drift of sand from the Arkansas Channel. Haworth, Kan. Univ. Geol. 
Survey, vol. H, p- 278, 1896, thinks these sand hills are largely residual. 
He infers this partly from an occasional covering of coarse gravel and partly 
from certain evidence that, in so far as the3' migrate at all, they are moving 
toward, rather than from, the stream. This is not a safe generalisation. 
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formations are the Ari karoo on the wos( and north, the* loess on 
the east and south, and the sand hills in (he center. The lypieal 
High Plains farther south are on the Ogalalla (Pliocene) forma- 
tion, which is much younger than the Arikuree (Miocene) Intt 
older than the sand hills and the Um^ss (Pleistocene).* A fourth 
subdivision in the north is the Goshen Hole lowlaml in which 
the underlying Brule clay (Oligocene) has l>een <leeply ero<lcd. 
The distinctions which concern us here are not those of geologic 
age but it happens that the sediments de|M>sitcd in these dlffercnl 
periods, btnng of unlike character and age, are very diffetvnlly 
eroded. 



I io. K.< Phir vKrnr|»hionl. I hr litirthrrn Uiml of llio llitfh Plahii); 

lookitiK wcrtl tHMf rUr N*r1irH»kci-\V>'«iijiii»K tjn**. Ihifli hy 

Arikurrr formtiliotO t>it U»c left; Miiwoiiri PIuIccim (hrulr fonmition) on I hr 
riRlU. {DaiioH. t'. .S. OVof. »SMm(r.) 


Western Nebraska and Eastern Wyoming Upland. — In all 
the above descriptions the inters! roam tabular areas of the High 
Plains, excepting only the dune areas, have been spoken of as 
Mat, the result of the constructional work of former streams. 
This description must be modified for the northern part of the 
High Plains, at least for the area outside the loess. The thick 
sheets of river-laid Arikaree deposits which covered the area 
west and north of the sand hills arc much older than those farther 

* Dapton, N. H., U, 8. Geol. Survey, Pap. 17, p. 14, 1003, 
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south and have been greatly eroded.* This is known not only 
by the topography but from remnants of the same formation 
more than 1,000 ft. above the present general level.* The charac 
t eristic topography on the Arlkaree formation between streams 
in northwestern Nebraska and eastern Wyoming is one of broad, 
nearly flat, or only gently rolling tabular uplands between 
streams.* It is necessary to infer that the erosion surface is an 
old one, t.e., a peneplain. Superficially the remnants of the High 
Plains between the valleys in northwestern Nebraska differ 
little from those of western Texas, but even their very gently 
rolling character indicates (hat they result from erosion, not 
from deposition.* 

It is this older part of the High Plains which ends at tho 
north in tho prominent Pine Ridge escarpment (Fig. 8). How 
far this escarpment hss retreated southward is not known but 
it must be at least 200 miles because remnants of tho same 
formation are found near the boundary between North and 

* The Arikaree and Ogalalla arc separated by an uneonlormlty, and it is 
not impro1>ablc that down^eutting in the northern area went on at tho aamo 
time with upbuilding in the southern area, the two processes eombining to 
produce a continuous plain. The two are similar in origin and character 
iind at many places have not been aeeurately separated in the Held. Hcncc 
ihe indcfinitcncas of the boundary between the subseetions. 

’ Smith, W. S. T., Hartville folio 01, U. 8. Ceol. Survey, 1903. 

* Darton, N. H., V. 8. Oeol- Survey, Prof. Pap. 17, speaka of western 
Nebraska as typical Great Plains’' (p. 0) and a former '^smooth plain 
sloping east’' (p. 10) until uplifted in the Early Pleistocene and somewhat 
trenched. 

* The distinction here suggested between the )*oung coDstructional 
surface on the Ogalalla and the old destnictional surface on the Arikaroe, 
is probably too sharp. On so porous a body as the Arikaree, and in a 
climate at most only seinihumid, run^olT is necessarily small. Deposition 
may occur wherever a stream is sufficiently weakened by percolation and 
evaporation. So degradation and aggradation may be going on at the 
same time at difTerent places, producing a plain of gradation. The strips 
and patches of newly deposited sediment would rest unconformably on 
the older formation and w'ould bo assigned a different geologic age. In an 
adjacent area, lower altitude or weaker stream action may cause tbe ne%v 
formation to cover the whole surface and be ver>' thick. There would then 
be little difference in the topographies of the two areas and the two for- 
mations would be very hard to delimit. This difficulty is experienced in 
separating the Ogalalla from the Arikaree. When it is stated that the 
Arikaree is decidedly older and was eroding while the Ogalalla was forming, 
the conditions of such erosion may well have been somewhat as here 
described. Hence the superficial contrast between the two is small. 



GREAT PLA/KS PROV/ACE 


19 


South Dakota.' Locally the strata in this escarpment dip south 
and form a monoclinal ridge or cuesta, justifying the name 
“Pine Ridge.’' The shale in the lower part is often fantastically 
eroded, thus forming a belt of badlands, at places many miles in 
width. 

Goshen Hole Lowland. — A feature of this northern part of 
the section is the Goshen Hole Basin or Lowland,' a great local 
widening of the North Platte Valley, 50 miles wide on the 
Wyoming'Nebraska boundary and gradually narrowing eastward 
in 150 miles to the normal width of the valley. Its bordering 
bluffs are 700 ft. high at the west end and are, in all e&scntial 
respects, repetitions of the Pine Ridge escarpment. 

This basin indicates that the Platte River has, or has had, 
in this part of its course a relatively steep gradient, sufficient 
to admit of down*cutting near the Nebraska*\Vyoming line, 
though at places farther cast (he fall seems now to be deficient 
and the stream is probably oggrading. The lateral spread of the 
basin, like the recession of the Pine Ridge escarpment, is greatly 
favored by sapping. The hard but easily eroded Brule clay, 
noted for Ks badlands, underlies (he more gravelly fiuvintile 
deposit. The latter, while largely incoherent, is a protection 
against erosion because the water enters it instead of running 
off and eroding the surface. 

Sand*bUl District of Nebraska. — North of the Platte River 
and chiefly between the 99(h and KXld meridians are 24,000 
square miles within which a dune topography dominates' (Figs. 
9 and 10). Some of these hills are several hundred feet high. 
Between lines of sand hills “hay meadows “ occupy a small 
part of the area. There are also many lakes' in bisins which 
owe their origins to drifting sand. Over several thousand 
square miles the dunes may be said to be still drifting; elsewhere 
they are more or less fixed. The ai^a of drifting sand varies 


' Darton, N. H., U. 8. CpoI. Sum-y, Pref. Po/k 32, pla, XXXV and XLIV, 

* For more detailed descriptions eta U. 8. Gcol. Sur\'cy, folios 87 and 88 r 
Wat. Sup. Pap. 70; and Pr^. Pap. 17. 

* Dartok, N. K., U. 8. G«ol. Survey, Pro/. Pap. 17 , pU IX, fool, map of 
Nebraska. 

* Uarrodr, E. H., Neb. Gaol. Survey, IM Rtpi., p. S7, 1903, state® that 
100 surveyed lakes have an aggrefalc area of 1,100 acre*. In the two years 
1919 to 1920 the brine lakes of western Nebraska predured over S3, 000, 000 
worth of potash, or nearly one* 1 hlrd of the eountn**H ou tput for those yeais 
(U. N. Survey, Pres* BuU. 452, July, 1920). 
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1*10. 10-— 'N'tcw in the nnd hills of western Nebraska. Most of the total HToa 
ia gruse rov«*recl like the locality here shown. A minor portion consists of bars 
and drifting sand. (Photo byG. R. Condn.) 


yiti. 0.— Topoaraphy of a san<lhi11 tract in western Nebraska. The hUly 
portions are dune sand. Hay Valley and other flats are on the Ariknreo forma* 
tion. The snuill s^piares indicate miles, (f*. R. Cr’rof. <Surrf|r, Camp Ctarkf, 
A*'*/'., tojmuraphic #Acr/.) 
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with tbe raiofaU from season to season. In rainy summers 
most of the area is well grassed and supports a considerabU^ 
gracing industry. Barbour si^ests* that the drifting of sand 
in this vast region was due, in part at least, to the great hcrd.s 
of buffalo, Because of close grazing, stumping, etc., the grass, 
which at best maintained a precarious supremacy over the wind, 
would be killed in some areas and the drifting of sand froni 
these would aid in overpowering the grass elsewhere. He also 
cites the Indian habit of burning the gra.'^s. The belief i.s 
expressed by him that the present covering of grass has conic 
largely since the di:^ppearance of the buffalo and the Indian. 
Allowing due weight to these considerations, it is to be remem- 
bered that the buffalo and the Indian behaved in the same manner 
over a great extent of territory. The nature of the material 
at the surface has no tloubi been an important factor. 

Loess Plains. — ICast of the Sand-hill district the flatness 
of the tabular interstream uplands is, on (he whole, less perfect 
than in the southern part of the section, but the existing surface 
is one of deposition and not of erosion or gradation as in western 
Nebraska. Here the surface has boon recently renewed by a 
covering of loess whose general thickness in central Nebraska 
is not far from 100 ft.’ The older surface beneath was probably 
much like (hat farther west beyond the limits of the loess. 
Its former inequalities were largely evened up by the new 
cover whose general flatness is exceeded only by that of the 
High Plains where well preserved. The spreading of this cover 
was largely the work of winds. No doubt some of the dust 
was derived from the flood plains and channels of overloaded 
streams’ but in this arid region the supply of dust was probably 
less localized than in the more humid parts of the Mississippi 
Valley. To the south tbe loess overlaps (he flat uplands of the 

^ Lce~ cit., p. 37. 

•Dabtom, N. K., U. 8. Cksol. Survey, Prof. Pap. 17, pp. 15-16. The 
etme writer itBsiins a Ihickncw of 60 to 90 ft. lo the k>o» in easlem Nebraska 
U. S. Cool. Survey, Prof. Pop. 32, p. 139. These great Ihickncssos arc no 
doubt local. 

* Chaubbaun, T. C., Supplementary Hypolhews reapocting the Origin 
of the Ucaa of the Miaeiasippi Valley, Jour. Gtol., vol. V, pp. 795-802 1897* 
DajCTon, N. H., V. 8. Oeol. Survey, Pr^. Pop. 17, p. 16, does not mention 
wind action aa a factor in Nchmaka; (Ulbebt, C. K., U. S. Oeol. Sur>Ty 

Hfh Ann. Hopl., pt. II, p. 576, regarda the occaaionnl loess Ijcda of eastern 
Colorado aa probably colian. 
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typical High Plains, thinning out in northern Kansas where it 
merges with the general soil sheet which is itself modified by 
wind assortment, leaving sand and gravel in some places and 
spreading dust wherever vegetation prevented wind erosion. 
This loess sheet in eastern Nebraska is spread alike over the 
much eroded surface of the older glacial drift of the Central 
Lowland and the Tertiary mantle of the Great Plains, obscuring 
the line of contact. 

Stream Valleys. — It must not be assumed that the entire 
High Plains section is free from erosion. The long, transverse 
streams from the mountains cross this belt in wide, generally 
shallow, terraced valleys. The North Platte, South Platte, and 
Arkansas have valley bottoms from one to ten miles wide and 
generally not more than 100 io^OO ft. below the adjacent uplands, 
though there are exceptions as in Goshen Hole on the North 
Platte. It should also be noted that the smooth upland itself 
slopes toward the great rivers, Platte and Arkansas (see page 
35). The Canadian, unlike the rivers named, has cut a well- 
defined valley nearly 1,000 ft. deep and 6 to 20 miles wide at the 
top. As the mantle rock is thin here, this valley is deep in the 
red sandstones beneath (c/. Pecos section, page 47). 

The terracing of the great valleys is, of course, incidental 
to down-cutting. No doubt this continues to be the dominant 
process, but locally and temporarily the streams which cross the 
Great Plains are aggrading. There are various evidences of 
aggradation. Great numbers of sand bars strongly suggest it 
though they do not (as Is sometimes assumed) constitute con- 
clusive evidence. Parts of the Platte are thus distinguished by 
bars and braiding. Borings which indicate a depth of alluvium 
greater than that to which floods can scour, indicate that filling 
has taken place.* Evidence of this kind seems to favor a moder- 

* The following tre some of the depths of alluvium reported: Arkansas 
Valley east of Pueblo, probably 60 to 60 ft.— DaHon, V. S. Geol. Survey, 
Prof. Pap. 52, p, 36; Platte Valley in western Nebraska may be filled 70 to SO 
ft.— Darton, Scott’s Bluff folio 8S; Arkansas Valley at Coolidge, Kansas, 36 
to 50 ft.^Erasmus Haworth, Kan. t*niv. Ocol. Survey, vol. II, p. 27. 

Allowing for the fact that all depths are probably measured from the 
surface of the flood plain (10 to 20 ft. above the channel bottoms) and allow- 
ing further for the uncertainty in estimates, the thickness of alluvium beyond 
the depths of possible scour is nowhere known to be great. No important 
conclusions should be based on such evidence until the fact is more con- 
wlusiveb* demonstrated that the thickness of alluvium beneath stream 
channels is greater than the possible depth of scour. 
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&te amount of aggradation by streams of the Great Plains but 
the amounts are not large enough to be very convincing- Natural 
levees, i.e., flood plains sloping from the stream, arc much better 
evidence, but such features are not prominent in this prov^ncl^ 
The Platte River in the Camp Clarke quadrangle (wostevn 
Nebraska) is paralleled for eight miles by a small intermittent 
tributary on the flood plain indicating that the slope here is 
away from the main stream, but such instances are few. Actual 
measurement is, of course, an evidence not to be set aside. In 
some cases this is aflorded by bridges whose original heights 
above the flood plains are known.' On the whole it is not safe to 
affirm that the streams crossing the Great Plains are aggrading 
their channels except locally and temporarily. 

The headward growth of small tributaries as they in\adc 
the sodded uplands of the High Plains is unlike that of stream 
aeads in humid lands. The typical gully is wanting or begins 
farther down the valley. Instead of it, the aide stream (or 
valley without stream) heads in a “draw,” i.e., a nearly flat- 
bottomed depression which is similar to (no doubt in some cases 
identical with) one of the smaller saucer-shaped or linear depres- 
sions described on page 15. ‘ It is plain that sod plays an 
important part in this manner of initial erosion, apparently 
defying attack on the su^ace until the structure has been under- 
mined by ground waters. Original flatness and permeability 
contribute to the delay by preventing the concentration of surface 
waters. In the ordinary case, underflow is concentrated along 
the axis of a valley, the valley being the cause and the underflow 
the eflcct. In this case the underflow seems to be primary.^ 

Consequent Drainage. — The consequent character of the 
streams which originate on the High Plains is evident. They 

‘ HAWORTti, Erasups, Kan. Uriv. Ceol. Sumy, vol. 11, p. 28, slates that 
all bridges over the Arkansas in the area dcacribad |wcstem Ksnsssj were 
I mill high enough to permit a man on horseback to pass under. At the 
time of his writing (I8M| many bridges built 8 to 12 years earlier were only 
three to six feet above the flood plain. He sUlca further that there is 
'•ample evidence that the river ehannel was formerly 50 to 100 ft. lower ' 
and is now filUog. 

‘Haworth, B., Phjwgraphy of Western KansRS, Kan. Vniv. Ccol. 
Survey, vol. 11. p. 1ft, 1890; Johkmw, W. D,, Uk. cU., p, 710, pi. CXXXIX 
A. 

* JoMNHON, W . D,, be. eH., p- 71 1 ; also Haworth, B., Underground Walors 
of Southwestern Kansas, U. a Ceol Survey, Wat. Sup. Pap. 0, p. 19, 1897, 
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flow in long, parallel, nearly straight courses down the original 
slope with a noteworthy absence of dendritic tributaries- The 
Niobrara is typical- It flows east nearly 400 miles without 
deviating more than 15 miles from the parallel of 42®40^ Such 
streams occupy very shallow, open valleys and are generally 
i nt ermi 1 1 en t . The level of springs necessary t o support perennial 
streams is not reached until the fluviatile deposit has been cut 
through, as the Niobrara finally succeeds in doing near the 100th 
meridian. As this deposit is relatively porous and rests on 
impervious shale, springs are quite common along the line of 
contact wherever the Tertiary mantle is cut through. The 
point at which the river cuts down through the Arikaree and 
associated flu via tile deposits info the nearly impervious Pierre 
shale is east of Fort Niobrara (long. 100^20')- Beyond that 
point the stream has a different character. The Republican and 
Smoky Hills Rivers, though heading on the High Plains, cut down 
quickly to the older (C'retaceous) rock beneath, and became 
perennial streams.^ Id western Nebraska no stream on the 
High Plains, north of the Platte, cuts down to the horizon of 
springs except in Goshen Hole. This is partly because of the 
greater thickness of the Tertiary mantle toward the north. 

The distinctive character of the drainage affords the best 
means of delimiting the High Plains on the west (Fig. 2). In 
Wyoming this type of drainage extends west to the Rocky 
Mountains and is well exemplified by the parallel, east- flowing 
streams north of Cheyenne. Immediately south of the Colorado 
boundary there is a south-facing escarpment overlooking the 
lower South Platte Basin. Tributaries of this stream head in 
the escarpment and flow south. They are mainly subsequent 
in origin, at least in their headward portions. For one-half 
the distance from the Rocky Mountains to the Kansas boundary 
the Platte Basin is denuded of its Tertiary mantle. Within this 
area the southern tributaries of the trunk stream flow almost due 
north. The easternmost of these flows at the foot of a west^ 
facing escarpment, which marks the limit of the preserved High 
Plains- From the top of that escarpment the drainage is east- 
ward by numerous small parallel intermittent streams consequent 


» Haworth, E., Kan, Tniv. Ceol. Survey, vol. II, pp, 21-42, describes 
the streams of Kansas individually with rcfcience to rocks crossed, water 
supolv. and topography of valley's. 
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on the original sloping surface of the fluviatile mantle (Oga)alla 
formation). ‘ 

Passing south into the Arkansas Basin, the relations are the 
same, a northwest-southeast divide separating the feeble easl- 
flowing consequent streams of the High Plains from the tribu- 
taries of Sandy (’reek which flows southeast to the Arkansas. 
The southern tributaries of the Arkansas which flow straight 
north over the denuded Cretaceous, are separated by a fairly 
definite divide from the characteristic east -flowing streams of 
the High Plains exactly as in the case of the Platte Basin- The 
same relations continue south to (he end of the Llano Estacado. 

Thus the western boundary of the High Plains in ('olorado 
is a line drawn between the heads of (he feeble east-flowing 
streams, which have done little to erode the fluviatile mantle, 
and the basins of the north- or south-flowing streams on the west 
where erosion has made large progress. The fluviatile mantle in 
the Colorado Piedmont portion of the Platte Valley Is wholly 
destroyed. In the corresponding portion of the Arkansas Valley 
it survives only in patches. 

PLAIKS BORDER 

Eastern Margin of the High Plains. — It has already been 
pointed out that the High Plains once extcndctl further cast and 
that they arc constantly losing ground by erosion. The area 
thus lost to the High Plains is being worn down to a lower base 
level. Between the narrowing High Plains on the west and the 
broadening I^owland on the east there Is generally a strip of 
rougher country in which the work of erosion in the new cycle is 
incomplete. Where the strip is narrow, as in Texas, it is not 
assigned the rank of a separate physiographic section but is 
treated as a marginal phase of the High Plains. From the Cana- 
dian River to southern Nebraska the eroded strip is wide and is 
recognised as a separate section, the Plains Border (i3 e on the 
general map). 

The actual edge of the High Plains is a very crenulated line 
marked at many places by a scarp running in and out among 
stream heads and known as the ** break of the plains.” Several 
factors combine to develop this escarpment. One is the tight 

'The drainage rolatjona here deacribod are wel! shown on ihc roo logical 
map of Colorado also on Barton’s Prcllminar>* (Jeoloaic Mai>of the 

Central Grenl Plains, U. 8. Gcol Survey, Prc/. Pop. 32, pi, XXXV 




Pjq^ in th« Plain* Bordet. The Tcrliury in*ntl« of the Hi£h Ploin* i» 

prcacrvod in the bnckgroond. (H'. D Johnwn^ V. S. C«rf. 3ureeif.) 

Eroded Cuestas. — Generally speaking, the features here 
described are absent in Nebraska, partly because of the glacial 
drift cast of the boundary and the thick loess mantle over all. 
The Plains Border becomes clear in northern Kansas where the 
outcrops of strata of diverse strength and dipping slightly 
westward afford conditions for east-facing escarpments. These 
are not confined to the Great Plains province but characterize 
the Central Lowland as well. In the latter, however, they are 
separated by smooth lowlands. One of those Central Lowland 
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sod cover of the upland which successfully resists erosion. 
Another is the ground water which readily descends through the 
porous Tertiary but issues in springs where porous sediments 
rest on a bed of clay or on the impervious sliale. The former is 
thus sapped and the escarpment carried back and continuously 
freshened. This process of sapping rather than the simple head- 
ward growth of streams is the chief proccs.s involved in broadening 
the eroded border at the expense of the High Plains. It is an 
important agency which has attracted the attention of all stu- 
dents of the Great Plains wherever the Tertiary mantle has been 
cut through by erosion. 
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cuestas, the Fliot Hills just east of the 97th meridian, is very 
prominent. It is suggested' that this ridge may have marked 
the eastern limit of the stre&mdaid sediments of the High Plains. 

Within the Plains Border three formations of the Cretaceous 
system give rise to east-facing escarpments, for the most part 
maturely dissected and appearing as broad hilly belts. The 
easternmost of these outcrops isthai of the Dakota formation 
(a strong sandstone at the top with weaker shales below) which 
forms a maturely dissected cuesta 200 to 300 ft. high in lat. 
39^, but declining in altitude southward toward the Arkansas 
River and becoming more and more obscured toward the north 
by glacial drift and loess. The name Smoky Hills is applied to 
this belt.’ West of Salina the name Kearney Hills is applied.^ 
The eastern margin of this hilly belt is taken as the boundary 
of the section and of the Great Plains province. The escarp- 
ment is not steep or striking except in the vicinity of streams 
where it may be very rugged, but broad lowlands are absent 
west of this line. Twenty-five to thirty miles farther west is a 
similar belt or eroded cuesta called ^‘Blue Hills’’ on the outcrop 
of the Benton limestone, and after a similar interval a third line 
of hills/ formed by the outcropping of (be Niobrara chalk which 
stretches in a broad sigsag belt from Jewell County, Kansas, 
southwest almost to the Arkansas River. 

Great Bend Lowland. — In central Kansas where the Arkansas 
River turns far to the north in the "Great Bend," all the above- 
named cuestas turn strongly westward on the north side of the 
river and die out in the general level of the High Plains. Soutli 
of the Arkansas the characteristic Tertiary cover and the flat 
topography of the High Plains’ go east almost to the 98 (h merid- 
ian and there merge gradually into the Central Lowland. There 
is thus a break of more than 50 miles in which no province 
boundary is apparent. The diminishing cuestas which turn 
southwest on the north side of the Great Bend make bluffs of 

' Bartom, N. H,, U. 8. G«oL Sumy, Pr^. Pap. 32, p. 186, 1905. 

> AoASfft, Gborob, Phyiiogmpby of Kanns, Amer. Geogr. Soc Bull 
vol. 24. p. 102, 1892. 

* Hawoath, B., Kan. Uoiv. Gaol. Survey, vol. II. 

‘ Hawowr, E., loc. ctf., p. 47. 

‘ Haworth, E„ loe. eit., p. 47i by definition the Plaina Border ja the eroded 
margin of the Great Plaiiw province. lu Umita arc neciaaaKly gcneraliicd 
The Urge uneroded or little eroded patch south of the Arkansas river is 
sxcupUonaL 
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moderate height, but on the south side the valley merges with the 
broad Tertiary plain. 

The term “Great Bend Lowland’' is applied to the immediate 
valley of the river and to an indefinite extent to this plain on 
the south. This “lowland” is not low with respect to the 
country north, south, or east of it. It is in reality an eastward 
extension or outlying part of the High Plains, as indicated 
both by its mantle rock and its topography. The general 
level is at least as high as the divides along the same meridian 
either to the north or south.* It is a lowland only in the sense 
of being but little above the local (temporary) base level of the 
Arkansas River, which therefore fails to trench it deeply, while 
streams to the north and south with greater cutting power have 
carved valleys 300 to 400 ft. deep,* Probably one reason for this 
inability of the Arkansas to degrade its valley in Kansas is found 
in its crossing of the strong rocks of the Flint -Hills belt after 
turning south into Oklahoma. This resistant highland is crossed 
in a narrow valley with local rapids, while the valley above is 
broad and indefinite and the gradient small.* 

Red Hills. — This so-called “Great Bend Lowland” finds 
no natural limit on the south, short of the ragged and picturesque 
escarpment 300 to 400 ft. high which borders the Great Plains 
between the Arkansas and Cimarron Rivers. This escarpment 
is not a single abrupt descent but a deeply eroded belt 10 to 20 
miles wide, known as the Red Hills, The descent here combines 
the “breaks of the plains” with the retreating escarpment of 

^ See Contour Map of Kansaa by Henr)* Gannett, U. 8. Geol. Survey, 

tM, 1808 . 

* Hawortit, E., in V. 8. Geol. Survey, iro/. Sup. Pap. 6, points out that in 
Kansas between the lOOth and lOlat meridiana, the Arkansas seems to run 
on a ridge of its own conatruetion. Small streams, a aljort distance away, 
nm from the river instead of toward it. 

*The so-called “Great Bond Lowland'' ia sometimes spoken of (following 
Geo. I- Adams, lac. «/-, p. 97) as an arm of the “Prairies'’ or Central Low- 
land, This is partly because the top<^raphie« of any two plains are super- 
ficially similar and there is no break between this and the lowland plains of 
south central Kansas. It is partly because the valley of the Arkansas 
River in this “Great Bend Lowland” is agriculturally favored, as are some 
other large valleys within the Great Plains. It should, however, be borne 
in mind that physiographic divisions, while ver>' significant in the study of 
agricultural distributions, are not determined by that criterion and that 
dividing lines drawn on a basis of agriculture agree only approximately 
with those fixcfl by physiography. 
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the underlying rocks. The upland levd is hol<l locally by beds 
of gypsum which, while very soluble in a humid dimule or by 
circulating ground waters, make a resistant covtT in a dry 
climate. The white g>’psum, underlain by bright -red suinds and 
shales, gives gorgeoits coloring to the escarpment, alroatly 
picturesque on account of its terraced canyons, jutting headlands, 
branching dividt^s, and outlying buttes. * 


h«, 12.- .St. Jacol/s Well, i Kaiwun: s <MaiI of tonoffrnnh 

due to Boluiion netir the edur of the Htijnp liorder. In <tib virluity the Tertrir 
mnnUc. whore prewnt al all. ia uixletluin hj «il(-hcanii« P.«rmhn ln*tK Sul 
*" L 7’ l»^rnii** Ihe autfap** lo aonM'innoa in w<II-oiJtiCnc' 

iink IkiIpb, Bomelmicfl in irrejmlar aunlien hiirrhoa niaMhe a ill*«ptWI 
iono«ra|)hy, ( ll*. />. Johnson. t\ .S. OV<rf. .Snmy.i 

In the vicinity of this efwarpment, the saucer-shaped do pres 
sions of the High Plains give place to much deeper and mor 
abrupt bitfins due to solution of salt or, in places, g^'psum in llv 
underlying Permian rocks. Such basins may be miles in exlen 
and very irregular. Some of them contain jK-rmanent lakes 
Many of them may be so closely grouped as to interlock, cansini 
a seemingly lawless and tumultuous topography. » ScaUcre< 
sand dunes arc also present. 

‘ af ubng 

by C. S. Pros^T, Kan. (Jrol. Sunry. vol. II. d k5 
* Johvhon, W. D., loc. «V.. p. 706. 
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South of Kansas the outcrops of the several formations appear- 
ing in the Red Hills divei^. Those of the main gypsum beds 
and stronger sandstone form the Gypsum Hills which trend east 
of south, becoming less and less prominent toward the south. 
The edge of the overlying Tertiary trends west of south, located 
generally at the top of a much eroded slope. South of the 
Canadian River the Plains Border is very narrow and is included 
in the High Plains section. 

COLOUDO PIEDMOHT 

Demarkation of the Area. — Aside from the broad valleys of 
the Platte and Arkansas the Tertiary cover of the High Plains 
is almost unbroken along the eastern boundary of Colorado. 
On account of greater erosion farther west, this cover has mainly 
disappeared, its remnants being smaller, more scattered, and less 
dat. Where the mantle is entirely wasted away, the underlying 
rocks are themselves much eroded. The area which owes its 
topography to this dissection and denudation is the Colorado 
Piedmont (13 / on the general map). The outline of this section, 
as shown on the map, reveals at once its close relation to the two 
chief river systems which are the agents of stripping. Along the 
axis of the Platte Valley, the denuded area extends far into 
northeastern Colorado, and along the Arkansas it reaches to the 
Kansas boundary. On the divide between these rivers the strip- 
ping is less perfect, and north of the South Platte the High Plains 
extend west to the mountains. 

The northern boundary of the Colorado Piedmont is almost 
coincident with that of the state. North of this line the streams 
of Wyoming and Nebraska flow east in consequent fashion down 
the original slope of the Tertiary mantle, having an elevation 
of a mile above sea-level where they cross the Wyoming-Nebraska 
line. Along the same meridian, the South Platte, 50 miles to 
the south, is 1,000 ft. lower. Its small northern tributaries 
head against the south-facing break of the Tertiary upland. In 
eastern Colorado the edge of the High Plains trends more nearly 
north and south, and is similarly marked by a divide described 
on page 24. 

For some purposes it is convenient to treat the Colorado 
Piedmont as extending south to the Raton Mesas and the Park 
Plateau near the southern boundary of Colorado. This has the 
advantage of giving a definite and visible boundary, but the 
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surface for 50 miles north of those highlands is more closely 
allied, both in topography and physiographic history, to the 
Raton section. It is therefore treated under that head (see page 
37), despite the fact that it merges gradually into the Colorado 
Piedmont. 


Structure and Topography.— Taken as a whole, this section 
presents an old erosion surface, broadly rolling but locally 
scarped, such as might be eirpected to result in an arid climate 
from a considerable degradation of rocks which are on the whole 
weak but not uniformly so, and embracing a few strong forma* 
tions. It slopes east from an average altitude of 5,000 ft. in 


Fio. 13.— Map ahowinc atructura <4 tba DakpU Mn<iaU>na Colorado. 
Contour int«rva] 600 ft. LUchtar ahadlpg irwlicataa hicber davallon. <H*ducfd 
Jrom Porton, V. S. Oraf. Sumy, Bail. 001.) 
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the ?reat valleys and 7,000 ft. on the central divide. The alti- 
tude of the Colorado-Kansas boundary is uniformly a little below 
4,000 ft. except in the immediate vicinity of the large streams. 

A more exact description of the topography must take into 
account the nature of the underlying rock formations. The 
distribution of these at the surface is determined by the structure 
which is briefly as follows:* At the mountain foot all strata dip 
steeply eastward. The Dakota sandstone, which crops out in 
the well-known “Dakota Hogback’^ of the foothills, descends to 


Fio. remnant of Timpat limestono on CaHUlo ahole. Pueblo County • 

Colorado. The growth of piny on trees on iu aummit ia eharactiatic. (V. S. 
Gcd. Suncy.) 

sea-levcl within a few miles (Fig. 13). Farther east, all beds 
rise at a very gentle angle. There is therefore a structural basin 
near the mountains, deepest under Denver where relatively 
young formations are as a consequence preserved. South of 
Pueblo a strong upward fold extends southeast, bringing to the 
surface the same Dakota sandstone which is a mile deep under 
Denver. The crest of this fold, because of its distinctive topog- 
raphy, belongs to the Raton section. 

On the northern side of this fold, in the immediate valley of 
the Arkansas, there comes to the surface over large areas an 

* Darton, N. H-, U. S- Geol, Survey, Prof. Pap. 52, p. 56, pi. XXVI, 
1906; Structure of the Dakota Sandstone, U. S. Geol. Survey, Bull. 691 A, 
pi. I; U. S. Geol. Survey, Pn^. Pap. 32, pb. X, XI, and LVIIJ. 
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importaDt limestone (Niobrara) which lies far below the surface 
farther north. This formation appears at the surface in low 
ridges or lines of limestone bills, or in cuestos with much dissected 
scarps, occasionally 400 to 500 ft. high (h'ig. 14), As compared 
with the mildly roiling topography on the widespread soft shale 
elsewhere, the area underlain by the limestone has a decidedly 
angular or plateau-likc topc^raphy. For 25 miles ai>ove {w vM of) 
Pueblo, the Arkansas River runs in a narrow trench, almost 



I'lO. IS.^Tep^e &««« wi of PucMo. in ihc C olorndo Piedmont •cotion. 
rho ono in lh« forvsround show* the eoucretlon or "corv’* whose mlstanco to 
oroslon hu preserved the butte. iU. S. Oe«l, 

without flood plain, cut several hundred feet deep in a plateau 
of this limestone. 

Shale is the most abundant rock in the (blorado Piedmont, 
and on its surface the top(^raphy is broadly rolling, but sandstone 
is interbedded with the shale in the Platte Basin, as limestone is 
in the Arkansaa Basin. ^ The sandstone has a topographic effect 
similar to that of the Umestooc but less marked. North of the 

‘ For srcaa underlain by the format Iona ntmwl, sec Kcologic map of 
^lorsdo. Strong limestone strata am found in the Benton and Niobrara 
formations widely exposed in the Arknnaas Basin, while strong aandalono 
strata arc found m the format iotm undeHyins most of the Platte 
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Arkansas River and east of Pueblo are considerable areas where 
ihe surface formation is the soft Pierre shale worn down to low 
relief. The surface in this particular locality has a peculiar 
interest because of the striking conical hills called “tepee 
buttes. In this otherwise uniform shale, giant limestone 
concretions or “cores” occur, some of them 10 ft. in diameter. 
Id the general degradation of the surface these hard concretions 
protect cones of shale, some of them several hundred feet high. 
These are the “tepee buttes.” A score of such cones may some- 
times be seen in a single view (Fig. 15). 

On a substratum of shale, small natural lake basins are not 
uncommon,^ Most of these are due to wind action, generally 
to scour, but perhaps in some cases to deposits obstructing drain- 
age ways. Other basins may be explained in part as “buffalo 
wallows” (see page 15). 

O/er a large area in the Arkansas Basin, the Tertiary mantle 
has not been wholly removed, though somewhat eroded. As on 
the High Plains, the materials of this deposit are subject to wind 
erosion and assorting (see page 16). The most striking dune area 
of Colorado is thus produced, It lies some 20 miles northeast 
of Pueblo, where it covers at least 100 square miles.^ Other 
dunes derive their sand from streams, especially from those 
northern tributaries of the Arkansas which are now rehandling 
the material of the Tertiary mantle. The prevailing wind is 
from the northwest, building lines of dunes on the lee sides of 
many streams.* The Arkansas is fringed by such a line on its 
south side from La Junta (long. 103®30') eastward across this 
section and almost across the High Plains (see page 16). 

The highest part of the Platte- Arkansas divide, t.e., the part 
nearest the mountains, was never covered by the fluviatile mantle 
which surfaced the High Plains,* though it was similarly covered 
by a much older sheet.* Parts of these older deposits are now 

^ A tepee IS a ecnic&l tent, used by many Indian tribes, 

‘Store, Geo. W., Apishapa folio 186, p. 11, V. S. Geol. Survey, 1912. 

‘ Nepcsla folio 135, U. S. Geol. Surve3', 1906. 

^ Gilbert, G. K., Underground Waters of the Arkansas Valley in Eastern 
Colorado, U. S. Geol. Survey, l7lA Ann. R*pt., pt. 11, p. 578, 1896; see also 
footnote, p. 16. 

* Da ETON, N, H., U. S. Geol. Survey, Prof. Pap. 32, pi- XLIV. 

• Monument Creek Fomoation (Oligocene), U. S. G^l. Survey, Prof. Pop- 
62, p. 49; and Castle Rock Conglomerate, Castle Rock folio 198, p. 3, U. S. 
Geol. Survej’. 
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atroDg conglomerate and make a topography of rather aharp 
relief. Steep bluffs and mesa fronU 400 ft. high are not uncotn- 
mon, and the local relief occasionally rises to 700 ft. In addition 
to this, the greater altitude, 6,500 to 7,500 ft., causes greater 
rainfall so that there is here much park land and even some good 
forest. The general appearance of this relatively small district 
is therefore quite different from that of the section in general. 

The two great valleys, Platte and Arkansas, so far as they 
lie within the Colorado Piedmont, arc not more erosion trenches 
m an otherwise smooth surface. A north-south section along 
the 104th meridian shows Srst a descent of 1,000 ft. from the 
Wyoming boundary to the South Platte; then a similai ascent 
of 1,500 ft. to the divide, from which there is again a continuous 
descent of 1,500 ft. to the Arkansas, followed by a similar ascent 
to the New Mexico boundary. It is not necessary to assume that 
these north-south slopes have all come into existence in the 
present erosion cycle or that they were entirely absent when the 
smooth fluviatile sheet overspread the plains. Komembering 
the manner in which that surface was formed, it is quite possible 
that the confluent sediments of many streams may have made* 
the surface smooth without making it strictly level. It has been 
estimated' that the great streams have cut down their valleys 
from 400 to 800 ft. since the Tertiary mantle was spread, The 
balance of the nearly 1,500-ft. difference in level between streams 
and divide may be ascribed to slopes antedating the erosion, 

Resum4 of Physiographic History of the Central Great Plains. 
A long cycle of erosion, probably when the altitude was much 
less than at present, left the region with a relief of some hundi'cds 
of feet. Following climatic changes or crustal movement whicli 
caused loss of gradient (in cither case a loss of stream power), 
the area was covered by a smooth fluviatile mantle which buried 
all but the highest hills.* Near the mountains on the west the 
surface sloped not only east but also north and south from the 
Platte- Arkansas divide. Then followed climatic change or an 
uplift on the west which inaugurated a new erosion cycle. 

The master streams flowed nearly east over this smooth 
surface while tribuUries descended the smooth slopes from the 
Platte-Arkansos divide. The general parallelism of these side 

• OiLBEftT, G. C., U- 8. Ceol. Survey, 17<A Ann. Repl., pt. 11, p. 577 1896 

* ThiB mantle it mainly the Ogalalla (Pliocene) fonnation and ia probably 
the depositional corrcUtivc of the last Rockv Mounuin peneplain (p 107 ) 
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streams is suggestive of their consequent character and of the 
smoothness of the slopes which guided them. Farther east 
(present High Plains) similar consequent streams, originating 
on the plains, took parallel easterly courses. 

The South Platte and Arkansas, being through-flowing streams 
from the more humid mountains, soon cut down several hundred 
feet in their upper courses. Streams originating on the plains 
carried relatively little water, because of the smaller rainfall 
and the porosity of the substratum. Except where specially 
favored by steep gradients they have done little work. Those 
that flow down the lateral slopes of the Platte- Arkansas divide 
had the original advantage of steeper gradients. The steepness 
was further increased by the lowering of their mains. Here the 
Piedmont was denuded, but farther east where the lateral slopes 
of the Plat to- Arkansas divide were insignificant, the original 
consequent streams flowed straight east, and were so long that the 
gradients were insufficient to admit of much erosion. W. D. 
John.son, in hi.s classical treatment of the High Plains and Their 
Utilisation, accounts for the greater erosion of the Colorado 
Piedmont by the single factor of vegetation. The initial gradient 
of streams is not considered. It is noteworthy that in southern 
Wyoming where the streams flow directly eastward on a low 
gradient from the mountains, the Tertiary mantle has never 
been stripped though the vegetation is similar to that of Colo- 
rado. In accounting for the stripping of the Colorado Piedmont, 
a third factor is found in the fact that the original fluviatile 
mantle thinned out toward the crest of the central divide which 
was never covered. 

In their down-cutting, the main streams and larger tributaries 
developed broad terraces which were left coated with gravel 
(and no doubt loam)» as the stream cut to lower levels. In 
the Colorado Piedmont, fragments of such terraces are found a 
dozen miles from the main streams, the older and higher ones 
being generally gravelly because later erosion by water and wind 
has removed their surface loam. The lower terraces, still 
iuom-covered, are the famous irrigated lands of the Platte 
and Arkansas Valleys. 

The eastern edge of the fluviatile mantle has retreated west^ 
ward, partly by reason of the simple headward growth of east- 
flowing streams and partly through the agenej of springs at its 
base. For some distance south of the Arkansas River, this 
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retreating edge is closely followed by that of the Permian beds 
beneath, the incipient peneplains of the Central Lowland crowd- 
ing close upon the wasting upland. North of the Arkansas 
River the wasting of the High Pljuas has left a surface of broken 
cuestos (Smoky Hills and others). 

RATON SECTION 

General Characteristics. — It has already boon state<l that 
the fluviatile mantle of the High Plains was once upproxinmtoly 
continuous to the mountains on the west. The now eroded 
sone between the mountains on the west and the surviving 
High Plains extends from the Wyoming boundary to western 
Texas. Throughout most of these 700 miles the present relief 
is due to denudation since the cycle of aggradation in which the 
High Plains were made. A portion of this eroded strip (denuded 
or never covered) in southern Colorado and northern New Mexico 
is characterised by greater altitude; also by relief which is not 
only stronger than elsewhere but of different stylo and having a 
longer and more complex history. This is the Raton section 
(13 ff on the general map). The prominent features of the 
topography are high mesas, extensive dissected plaleaim, deep 
canyons, and volcanic mountains of various ages. 

No sharp line separates this section from the Colorado Pied- 
mont. On the south, however, it ends in the groat Canadian 
escarpment overlooking the Pecos section. The position of this 
feature is shown on the geologic map by (he edge of the ('rcta- 
ceous system. West of iong. 104^ this escarpment is 1,000 to 
1,500 ft. high. To the east and northeast it is lower but con- 
tinues prominent to western Oklahoma. 

The section falls naturally into three subdivisions super- 
ficially distinguished by their different altitudes, but having 
more fundamental differences (Fig. 16).^ Named in order from 
the lowest to the highest, these are: (1) The Las Vegas Plateau, 
with its extension the Chaquaqua Plateau,^ a stratum plain^ 
*C/. HiLi, R. T., Ph^-rical Caogrtphy of the Texas Region, V. S. Geol. 
Survey, Topogrtphic folk) 3, p. 8, I8Wj Las, Willis T., lUlon-Brilliant 
Koehler folio 214, 1). R. Geol. Survey. 1022, 

• The 1am VegM Plateau m properly limited to New Mexico. Its exten- 
alon OT equivalent in Colorado » here called (he Chaquaqua Plateau from 
the name of the largest stream within its bordeia. 

' A atratum plain or stripped plain is a degradational plain whose surface 
is dopendcot not on base level but on a rc^tant stratum. Examples of 
liruilcd extent are eommon. 
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treoched by canyons and surmounted 
by volcanic buttes, lava cones, and 
reiDDantal mesas; (2) the Park Pla- 
teau,' a much dissected highland in 
the western part of the section abut- 
ting against the mountains in Colo- 
rado and northern New Mexico; and 
(3) the Raton Mesa group consisting 
of lava«capped remnants of a still 
higher plain. The best known of 
these remnants form a belt extending 
eastward along the ColoradO'New 
Mexico boundary on the divide be- 
tween the Purgatoire and Cimarron 
Rivers. The length of this belt is 
about 100 miles and its breadth, 
counting outliers, about 40 miles, but 
the breadth of any single remnant 
is much less than that. The group 
includes also the Ocate lava^capped 
mesa at the foot of the Rocky Moun- 
tains in New Mexico.^ 

Structure. — The topographic forms 
within this section are intimately 
connected with the rocks from which 
they are carved, and the presence of 
any one formation at the surface is 
in t um dependen t on stru cture. The 
dominant structural feature is a syn- 
clinal trough beneath the Park Pla- 
teau, and a broad anticline or dome 

* So named by R. C. Hill, Walsenburg 
folio 68, V. S. G^l. Survey, 1900. 

* The Toi^ outlines of these subdivisions 
may be seen on the Willis Geological Map 
of North America, on which the Las Vegas 
Hateau appears as Cretaceous locally cov- 
ered by volcanic rocks; the Park Plateau as 
earliest Tertiary or latest Cretaceous, and 
the Raton Mesa group as volcanic. All 
outlines are shown better on the geologic 
maps of Colorado and New Mexico. 
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east of this, beneath the Raton Mesa proup (Figs. 13 and 16).' 
On account of this upward bulge, denudation has exposed older 
strata on the east, while much younger and higher strata are 
preserved in the syncline near the mountains. Outcrops in the 
eastern part of the Park Plateau show westward dips and, where 
strong strata are present, east-facing scarps. From the broad 
anticline or dome beneath the Mesa de Maya (Fig. 16) a low 
arch or anticline trends northwest to the Front Range of the 
Rocky Mountains- At intcn'als along this line the gwlogio map 
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shows the Strong Dakota sandstone at the surface, a fact of 
prime importance in the explanation of the canyons. 

Raton Mesa Group.— The Raton Mesa proper is the highest 
and best known representative of the group to which it gives the 
name. Its western end ia just east of the meridian 104^30', 
near Trinidad, C’olorado. This extremity is somewhat isolate<i 
by erosion and known as Fishers Peak (Fig. 17). It is 9 580 
ft. above sea-level and nearly 4,000 ft. above the Purgatoire 


V aafl Vndenrouad Wiitcre of the Arkansas 

Valloy m Eiwjprn Colorado, U. 8. G«ol. Survey, Prt^. Fqv- 52. n. 9 
VII 1006; Also V. H. 0«>l- Survo)', Prof. Pap. 32, pi. XI. ’ 
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River. The aMitude of the group as a whole declines eastward 
for 80 miles, where the lava cap comes to an end near the 108d 
meridian, its surface at that place being little above the sur* 
rounding level. The several mesas of the group are separated 
by gaps within which the lava cap has been rmoved by erosion. 
The large remnant which extends eastward from near the middle 
of the group almost to the 103d meridian is known as the Mesa de 
Maya (Spanish for “table of mail,” or armored mesa). The 
name suggests the inevitable impression made by the form of the 
table land, namely that it is protected by its covering. 

The basalt sheets which cap and protect the mesas rest on 
fragments of an old erosion surface or peneplain which bevels the 
gently dipping strata. The cap is locally 500 ft. thick and breaks 
off in steep cliffs, at places almost vertical. The softer rocks 
on which it rests form gentler slopes, locally much eroded. 

As the height of the mesas increases westward, the degree 
of erosion also becomes greater in that direction. But even near 
its western end, basins holding lakes on its surface arc not 3^t 
destroyed.* 

The Ocate Mesa is north of the Mora River in New Mexico and 
partially separated by its headwaters from the Sangre de Cristo 
Range of the Rocky Mountains. Its altitude is approximately 
the same as that of the Raton Mesa proper and it is similarly 
covered with and protected by sheets of lava now somewhat 
eroded and locally removed. Ocate Crater, 9,000 ft. high, 
rises above its southern end.* 

Park Plateau. — The Park Plateau is 40 miles wide on the 
Colorado-New Mexico boundary where it extends from the 
Rocky Mountains to the Raton Mesa. With diminishing width 
it extends 60 miles northward to Huerfano Park, a deep indenta- 
tion of the mountain front. In like manner it extends 30 miles 
southward to Ute Park on the upper Cimarron River. In 
southern Colorado its altitude is 8,500 ft. on the west side and 
7,000 to 7,500 ft. on the east, where it presents an escarpment 
of 500 to 1,000 ft. The altitude of its eastern edge does not 
vary greatly throughout its length and an escarpment of 500 
ft. is fairly well maintained. 

> HiLts, R. C., El More folio 68, D. S. G^l Survey, 1899; Lbk. Willis 
T., XJ- S. Geol. Survey, folio 214, p. 3, 1922. 

’Hill, R, T., Physical Geography of the Texas Region, U. S. Geoi. Sur- 
vey, Topographical folio 3, p. 8, 1899. 
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The rocks of the Park Plalenu arc» in part, strong sandstones. 
Though dipping toward the cent nil axis they have been liaso 
leveled (Fig. 16). The strength of the rocks beneath this old 
peneplain has preserved its level on the hlllto|>s while the same 
peneplain was wholly destroyed farther east ami replaced hy 
another at a lower level. Meant i me the Park Plateau was dis- 
sected. Near the Purgatoirc Kiver, which drains most of the 
('olorado portion and which runs in n narn>w valley more iliar 
500 ft. deep, dissection is almost mature. 'I’he same is true of the 
New Mexico txirtion. Fart her north it may lx> called siilmiaiurc. 



I lH. HpsDMn I'rnfc* irom thp norJh«c*l «iih l*urk Hatpuu in »ho fort^ 
j£^>ynd. TJic jyke is rharurtcrwlic pf (hit dlxleipt. The iihiti'uu nt tin 

lofi, hy ep*rly IVrclory wnd^ioftr. m like nimriy oilu't n^aumhiii nf the 

iUhmtUurcly JiMected Park Pinteau, (T. .S. 6*^. .Syrry^, /c/ia 71.) 


Though not of volcanic origin, I he Park Plateau has note- 
worthy features of igneous origin. <'hicf among these are the 
Spanish Peaks (I3,62:j ft.) which, though lying close to the 
mountains, belong essentially to the plains. They rise from a 
plateau of almost horizontal rocks while between them and the 
mountains runs the usual line of hogback foothills, very pictur- 
esiiuely developed where crossed by the Puntatoire Itiver ' 

The Spanish Peaks (Fig. 18) are twin mountains of igneous 
ongm, much eroded but having roughly conical forma. Many 

Py 71. I*. «. Cool. Survey. 1901 

bwoWoni aiiutrstions are given of the Spanish Peaks district. 
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radiating dikes extend far out on the plains. Standing like 
great stone walls above their surroundings and interfering with 
the development of drainage, these dikes have retarded some- 
what the general wasting of the surface. 

Las Vegas Plateau. — The Las Vegas Plateau proper lies south 
of the Raton Mesas. The Chaquaqua Plateau north of the 
mesas, corresponding to the Las Vegas Plateau both geologically 
and physiographically, is treated here as a part of the latter. 
The surface of both is in the main a stratum plain on the strong 
Dakota sandstone which is deeply buried beneath other parts of 
the Great Plains, As the high mesas are approached, the 
stripping is less complete and the surface rises gradually over 
higher formations to the lava caps which have protected them. 
Where the surface approximately coincides with that of the 
Dakota sandstone the relief is small, but near the Park Plateau 
on the west, higher formations are encountered dipping appre- 
ciably westward. One or more limestone cuestas are thus 
formed (at least in the Colorado portion) which on account 
of erosion are highly irregular both in altitude and in general 
direction. These are often conspicuous by being dark with 
piny on and juniper in the midst of a treeless country. The 
Timpas (Niobrara) cuesta thus presents an eroded escarpment 
several hundred feet high. Mesas of this limestone are common 
(Fig. 14, page 32). On a local dome crossed by the Apishapa 
River ^ the topography thus produced is distinctly rough, having 
a relief of 600 ft. 

Rising above the Las Vegas Plateau are various volcanic 
features. The high mesas protected by lava flows which preceded 
the widespread denudation of the Dakota sandstone have already 
been mentioned. Later lava sheets, preserved in whole or part 
according to their age, rise little above the general level, some 
even entering the canyons of the present cycle. A few volcanic 
cones like Capulin (long. 104^, and 15 miles south of the Colorado 
boundary) are so recent as to be unaffected by erosion or even 
weathering.* At the other extreme of age are many volcanic 
necks which stud the plain near the Mesa de Maya. 

The principal streams cut deep canyons into the stratum 
plain. In all cases these canyons are cut into or through the 

*&TOSB, Geo. W., Apishipa folio 186, U. S. Geol. Survey, 1912. 

*Lbb, Wilus T., Extinct Volcanoes of Northeast New Mexico, Atwr. 
Foreiify, vol. XVIII, pp. 357-305, 1912. 
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Dakota sandstone which therefore forms the rim or brink ' 
Running off (o the nori beast from near the Spanish Peaks, the 
Cuchara River flows 15 miles in an open valley over soft rocks 
before the stratum plain is reached. Into this it cuts a canyon 
500 ft. deep-* Southeast of it the Apishaiw in crossing the 
Dakota sandstone, brought to the surface by the sjmie anticline, 
cuts a similar canyon more than 400 ft. deep (Pig. 19), The 
Purgatoire River after leaving the Park Plateau flows 25 miles 
In an open valley before reaching the stratum plain, then enters a 
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canyon 70 miles long (measured in a straight line) and 900 ft. 
deep in its middle portion. Besides other tributaries it receives 
the ('haquaqua in the deepest port of the canyon. Together, 
these streams, having destroyed the Dakota cap for a width of 
10 or 12 miles, have cut deep into the bright -red rocks beneath 
making what is known locally ns the “Rod Rocks Country,’* 
a broad valley with irregular canyon walla, with side canyons 
promontories, outlying remnants, and rock terraces, 


C*".'’®"* of Colorado. 

rZ T v,™ • '■ Nor'hraalom Now Mo,Jco, Jour 

in ,KoL7.p<-“.“''’ "•''O'' ““i®" 

» WnUfnUurg folio 68, U. 8. G«ol- Survey, 1900. 
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South of the Mesa de Maya, the Dry Cimarron River runs east 
through a canyon much like that of the Purgatoire in dimensions, 
styie, and geologic relations. The upper Canadian River, 
Howing south at the front of the Park and Ocate Plateaus, has 
cut a much deeper canyon, 1,500 ft., but it is still a V-shaped 
gorge like the Cuchara Canyon, not a broad-bottomed one like 



Fio- 20. — Part of Wairoua, New Meaico, topofrephic iheet. The pla^eu 
embracing the center of thii area, approximately S.500 ft. hJgb, la detcrmloea 
by the Dakota aandatone and beloap to the Raton aaction. The contour* 
ahow that it in a nearly flat aurface cut by aharp caayooa. A 1.000>ft. eacarpment 
runa diagonally acroaa the area cutting off the aoutheaatem part which ia liOOO 
ft. lower and iMlonga to the Pecoa section. The vigoroua dlaaection of the upper 
plateau ia due to the proximity of the lower plain. (U. S. Ged. Suracy.) 


the two just mentioned. Tributaries to these southern canyons 
are not numerous. Few bead within the Las Vegas Plateau. 
Most of the streams named, except the Dry Cimarron, head in 
the mountains or on the higher and more humid Park Plateau 
or Raton Mesas. The wonderful Dakota-capped Canadian 
escarpment which limits the Las Vegas Plateau on the south 
U not greatly notched by streams iFig. 20). 
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Physiographic History. — The physiographic history of this 
section begins with a cyde of erosion which produced the pene^ 
plain whose fragments still survive beneath the lava caps of the 
Raton and Ocate Mesas. On the surface of this peneplain 
beneath the lavas are gravel and other subaerial sediments 
similar to those that cover the High Plains. It is not improbable 
that the old surface here preserved in fragments was continuous 
with that of the High Plains, and that in late Tertiary time it 
covered moat of the Great Plains province, It may also be 
correlated with the last and most widespread of the Rocky 
Mountain peneplains.* According to this view the mountains, 
subject to degradation, and the plains, subject to aggradation, 
together constituted a vast graded plain. The whole was then 
uplifted, during or after which event occurred widespread flows 
of basalt. 


Already at this time the plateau*making Dakota sandstone 
was stripped along the eastern edge of the section, where it is 
now found immediately below the basalt cap. The beveled 
surface beneath the cap truncates younger and younger strata 
toward the w«t including the early Eocene. With succeeding 
uplifts the stripping of the Dakota advanced westward. 

Neither the crustal rise nor the lowering by erosion was unin- 
terrupted. The outpouring of basalt on the elevated peneplain 
was followed by successive rises between which were halts long 
enough for the development of broad valleys or local peneplains. 
^0 doubt all these surfaces were to some extent covered with 
gravel and flner alluvium as are the High Plains. These in turn 
were covered by lava flows. Their remnants constitute the 
lower mesas, Bartlett and others, that cluster round the higher 
Katon remnants. 


The Park Plateau is the most extensive remnant of one of 
these intermediate peneplains. lU general level (about 7,800 
n. near the eastern margin) is not much below that of the lava- 
covered mesas farther east, but both surfaces rise toward the 
west. That of the lava, if projected westward, would pass 
wveral hundred feet above the Park Plateau (Fig. 16, page 38) 
ihw plateau consisU in part of resistant sandstones In the 

sandstone 

Bed mentB, these sandstones of the Park Plateau were strong 
Leb. WiiLia T.. Raton folio 214, p. 18, U. a Geol. Survey. 1922 . 
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enough to maintain iu altitude, though the plateau was dissected 
to maturity. 

The present streams took their courses over the lowest and 
youngest peneplain, presumably near the end of the Tertiary 
or later. To some extent these streams were superimposed on 
alluvium,^ the so-called ‘^Tertiary mantle,” the deposition of 
which may have been due to change of gradient or to climatic 
change.' Some of the canyons are cut across local uplifts which 
occurred after the spreading of the Tertiary mantle.^ The effect 
of this last folding was small and it must not be confused with 
the greater folding several thousand feet high which brings the 
Dakota sandstone to the surface. The most recent volcanic 
activity south of the Raton Mesas is even more recent than the 
canyon cutting. 

With the stripped plain older in Its eastern part than farther 
west, it may well be that the broad canyons of the Purgatoire 
and Cimarron arc in part the work of an earlier cycle than that 
to which the Cucbara, Apishapa, and upper Canadian Canyons 
are restricted. There is some evidence, however, that the 
breadth of the Cimarron Valley may be otherwise explained. 
This broad canyon of the Cimarron extends to within 12 miles of 
the source of the river where the stream is very small. This is 
anomalous. A study of the valley head shows it to be probable 
that the present headwaters of the Canadian once belonged to the 
Cimarron and were diverted by recent volcanic accumulations/ 
This might of itself explain the broad canyon of the very small 
Cimarron headwaters and the narrow canyon of the much larger 
upper Canadian. 

The higher parts of the Raton section, and especially the 
steeper slopes, bear scattered trees or even forest, and are there- 
fore not typical in appearance of the Great Plains. Yellow 

‘ The extent to which this mantle corered the Vegas Plateau south of 
the Mesa de Maya is uncertain. Even on the north, Gilbert speaks of lie 
western margin as covering only the lower parta of the surface (Pueblo folio 
36, p. 2). 

* Johnson, Wjllar© D., U. S. Geol. Survey, 2lH Ann. Rept., pt. IV, p. 
613. 

* Stosb, Gbo. W., Apishapa folio 186, p. 2, U. B. Geol. Survey, 1912. This 
folio and the Pueblo folk* 36 contain histories of neighboring areas or 
marginal parta of this section. Id neither of these quadrangles are so many 
erosion cycles recorded as in the vicinity of the Raton Mesa group. 

*Lbb, Wilus T., Jour. Googr., vol. II, p. 78. 
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pbe, along witb other trees, grows above an altitude of 6,500 ft. 
On the Ocate Mesa and other highlands, juniper and piny on 
thrive on rocky slo{>es and gravelly soil as low as 5,000 ft. Lime- 
stone and sandstone ledges and ridges are made conspicuous 
by these trees. The open terraced valleys of the Purgatoire 
and other rivers, where they traverse shale between the Park 
Plateau and their respective canyons, afford excellent farm 
lands. But grating, especially sheep raising, is the most wide- 
spread industry. The rural population is largely Mexican. 


PECOS SECTION 

The Pecos section (13 h on general map) is a long trough 
lying between the High Plains on the east and the Basin and 
Range province on the west. Ils boundaries are marked almost 
throughout by steep slopes 500 to 1,500 ft. high, but within 
these clearly marked limits the topography varies from fiat 
plains to rocky canyon lands. The unity of (he section consists 
in this, that (he whole has been eroded below the once con- 
tinuous level of the High Plains and of the Rnlon section. Tbo 
Llano Estacado, surfaced with wash from the mountains on tho 
weal, must once have been continuous across what Is now 
the Pecos section. 

Boundaries. — The section consists chiefly of the valley of 
the Pecos River, but embraces also, at the north, a part of the 
Canadian Basin. The average elevation at its north end is 
about 5,000 ft. where it abuts against the south-facing scarp 
of the Las Vegas Plateau, 1,000 to 1,500 ft. higher. The western 
boundary of this section, north of lat. 34^, is against (he lofty 
Glorietta Mesa belonging to the Sacramento section of the 
Basin and Range province. At the foot of this highland the 
elevation of the Pecos Valley is above 6,000 ft.‘ 

Farther south and at a lower level, the Pecos Valley is limited 
on the west by the dip slope of the Sacramento Mountains. 
Its southern boundary near the 3ist parallel is (he ragged escarp- 
ment, more than 1,000 ft. high, which rises to the Stockton 
(Edwards) Plateau. On the east the valley is bounded by tho 

* A gccwiral contour map of this region, coMtrucIcd from data avtilaUIo in 
law, is found in Hill’s Physical Coograpliy of (he Trxss Tlcgion, U K 
Cool. Survey, Topographic folio 3, 18W; m also Darton, K. II., Topo- 
graphic Map of tho Stale of New Mexico, U. 8. Gcol. Survpv, 1929. 
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LlaQo EsCacado, a smooth east-sloping piain which breaks off on 
its west side in a slope 500 to 800 ft. high. 

Topography. — The basin thus enclosed has an uneven rock 
floor except where covered by alluvium or other quaternary 
deposits. The general slope is east with the dip of the underlying 
rocks. The western margin of the Llano Estacado is in fact a 
very gently sloping cuesta whose west-facing scarp slope is 
retreating eastward. 

The altitude of the Pecos drainage basin at the north is more 
than 5,000 ft. At (he south end, where the river leaves the 
broad valley to enter its canyon through (he Edwards Plateau 
(Fig. 21), the altitude Is little more than 2,000 ft. Most of the 
valley north of Roswell (lat. 33^') » and half of it south of that, 
has an uneven surface resulting from the degradation of rocks 
of moderate but unequal strength (limestone, sandstone, shale, 
and gypsum) almost but not quite horisontal. There are many 
beds strong enough to make scarps and cuestas, terraces and 
mesas of limited extent, and some of them, especially the lime- 
stone strata exposed in the western part, make stratum plains 
of considerable extent but nothing comparable to the Las Vegas 
Plateau on the north. Most of the stream channels are dry and 
the landscape is of desert character. For most of its course 
above Roswell, the Pecos River has cut a valley 5 to 30 miles 
wide to an average depth of perhaps 1,000 ft. below the surface 
here described. 

The central part of the Pecos Valley is au alluvium-filled 
basin. The plain thus constructed stretches for 50 miles north 
and a greater distance south of Roswell with a width of from 5 
to 30 miles. The maximum depth of the alluvium is at least 7(X) 
ft., but it is known to rest on an uneven rock surface like that 
of the valley beyond its limits. ' A umilar plain due to alluviation 
(or possibly lake-fiiling*) occupies the lower end of the valley 
just north of the Edwards Plateau. This is the Toy ah Basin 
and comprises most of that part of the section which lies in west 
Texas. 

The immediate valley of the Pecos is bordered on toe east 
by almost continuous bluffs beyond which for a few miles the 

^ FisHEB, C. A.. G«okig>' and Underground Water of the Roswell Artesian 
Area, New Mexico, V. S. Geol. Survey, Wai. Sup. Pop. 15S, p. 6, 190rt. 

» Hill, R. T., Phj-aical Geography of the Texas Region. U S. Geol 
Survey, Topographical folk) 3, p. 6, 1890. 
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eastwArd-dipping rocks lie at or near (he surface. Between 
this rocky belt on the west and the escarpment of the Llano 
Estacado on the east is a sloping, alluvium*mantled plain. 

Within that part of the Canadian Basin which Is included 
in this section, the highest plateau remnants accord with those 
of the Pecos drainage basin and of the High Plains to the north- 
east. But the Canadian Valley is cut much deeper than the 
Pecos and the plateau surface is more nearly destroyed. Where 
the two streams are nearest to each other the former is 800 ft. 
lower. Its basin has therefore a much lower surface and much 
higher relief. The red sandstone in which it has cut Its 1,000- 
ft. valley has many beds atrong enough to make cliffs and rock 
terraces, but none able to hold its own during widespread strip- 
ping. The landscape is therefore one of terraces, mcraa, cliffs, 
und side canyons, many of them cut in the bright-red sandstone. 
Except in times of freshet, running water is almost limited to the 
Canadian River, and even that, when low, is interrupted, flowing 
here over the sand and there through it. The broader terraces 
are desert plains. 

The headwaters of the Canadian River, assembled on the Park 
Plateau and Ocate Mesa, traverse the Las ^>gas Plateau in a 
shallow valley as far south as Springer, New Mexico, where they 
drop into a narrow canyon which increases in depth to 1,500 or 
1,800 ft. where the plateau suddenly ends in the south-facing 
Canadian escarpment. The height of the escarpment is some- 
what less than the depth of this canyon, so that the stream con- 
tinues to be entrenched 300 to 500 ft. beneath the lower level. 
The stream rapidly descends to a level 1,000 ft. below the lower 
plateau and, with the aid of its side streams, has destroyed that 
plateau for a width of many miles. The broad area thus dis- 
sected is continuous with the narrow valley 1,000 ft. deep, in 
which the river crosses the High Plains. 

Artesian Water.““A large part of the Pecos section possesses 
little of economic value except pasture, but there is a lack of 
water for a great grating industry. The Roswell Basin, however, 
has a soil similar to that of the High Plains, a topography suited 
to irrigation, a water supply from the Pecos, and a large supply 
of artesian water constantly replenished by rains on the nearby 
mountains to the west. This ground water is recovered both 
from the alluvium and from the porous strata of the bedrock ‘ 

‘ Fiskbb, C. a., Zac. <*., p. 9. 
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these resources the Roswell Basin has become an important 
agricultural and fruit-raising district. 

As is generally the case in artesian basins, the supply of water 
stored in this one is being drawn upon more rapidly than it is 
being replenished by rainfall. The pressure and flow are there- 
fore diminishing, as is also the area in which flowing wells may 
be had. 


EDWA1U>S PLATEAU 

Boundaries. — At its southern end the Llano Estacado merges 
imperceptibly into the Edwards Plateau (13 i) by the gradual 



Fio. 21.— Cnnyon of (he Pecoe River in Edward* Plateau. In (ho and 
rlimatc of wcalcrn Teiaa. Hmeatone ia a very reaiatant rock. Farther north 
I he Fe<v>* ho* made for itself a valley 40 lo 60 mile* wide whiJo the canyon here 
pictured was beiof cut. The wide valley we* made by atripplng softer s^iment* 
from the stronger rock* below. (I'. S. <7eof. Surtty.) 

disappearance of the fluviatile mantle. As a physiographic 
division, the Edwards Plateau includes the Stockton Plateau 
west of the Pecos River, the two parts being separated only by 
the 1,000-ft. canyon of the Pecos (Fig. 21). The similar canyon 
of the Rio Grande separates the Stockton Plateau from its 
southern extension in Mexico (not here considered). On its 
western side the Stockton Plateau terminates against the moun- 
tains of the Mexican Highland. Except for this short boundary 
and the equally short boundary against the Llano Estacado, 
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the Edwards Plateau is everywhere limited by an out-facing 
escarpment. The edge of the Stockton Plateau overlooking 
the Toy ah Basin to the northwest has already been mentioned; 
likewise the northern edge of the Edwards Plateau where it 
borders the Central Texas section. Here the edge of the strong, 
nearly horizontal limestone which makes the plateau is exposed, 
overlying weaker rocks. The eroded and deeply notched escarp- 
ment is retreating to the south by sapping. The Balcones escarp- 
ment on the south overlooks the Coastal Plain, increasing 
gradually in height toward the west from Austin where it is 300 ft . 
high, to Del Rio on the Rio Grande, where it is 1,000 ft. high. 
This boundary against the Coastal Plain is a line of faulting, not 
a single fault but many small ones or, locally, a south-dipping 
monocline.* The Balcones escarpment, now maturely eroded, 
appears from the plain below like a range of wooded hills and is 
locally called "the mountains.*' 

Topography. — At the foot of the mountains on the west the 
Stockton Plateau is 4,000 ft. high. At the border of the Llano 
Estacado the Edwards Plateau is 3,000 ft. high. Where the 
Nueces River cuts Us valley in the southern margin, the upland 
level is 2,200 ft. The level declines eastward to 1,000 ft, near 
Austin. 

On all sides where this section rises above its neighbors its 
edges are more or less dissected by outflowing streams. West of 
(he 100th meridian where the plateau is wide and the climate arid, 
its broad interior is a monotonous grass-covered plain much like 
the Llano Estacado. Even here the margins are maturely 
dissected. Farther east, where the rainfall is greater and 
the plateau is narrower, the dissected margins leave little of the 
uncut plateau between them. Nevertheless, remnants of the 
original surface are found almost as far east as Austin.* This 
part of the section is topographically quite unlike the interior of 
the western part, though quite like its margin. It is also like 
the dissected upland north of the Colorado River, being con- 
tinuous with it and carved from the same limestone. The reason 
for assigning to the Edwards Plateau so great an eastward exten- 
sion is found partly in the utter lack of any well-marked line 

• Hjll and Vacohaw, Nuecca folio 42, p. 3, U. S. Ceol. Survey, 1898. 

Aurtin folio 76, U. a Oool. Survey, deecribea the eastern end of the 
*hfre the Coloiado River is adopted as ita arbitrary 
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farther west. The limit here assigned is also recognized in the 
popular use of the term Edwards Plateau.” 

The surface of (he entire section is on a single massive and 
resistant limestone formation which dips gently south and east 
with the slope of the surface. It is not a surface made by deposi- 
tion like that of the Llano £stacado> nor is it a peneplain, but a 
stripped plain or stratum plai4 (page 37), a remarkable example 
of its kind.^ There are in its present topography some features 
unlike those of a fiat surface subject to dissection in its first 
erosion cycle. Some of these features are due to the older 
history; others to the great substructure of soluble limestone, 
DOW traversed by innumerable fissures and other passages due 
to solution. The character of these underlying rocks and their 
relation to ground waters are of importance in considering both 
the topography and the resources of this section. 

The flatter parts of the upland differ little from the High 
Plains. In contrast with the rugged maigin, the soil of the 
flat interior is fairly deep. Such valleys as exist are only wide 
open ” draws, perhaps made by streams which did the stripping, 
but carrying only storm waters now or none at all. There are 
a few shallow depressions or sinks which occasionally retain 
water a short time. “For miles the level grass-covered plain 
stretches before the eye like a great sea, the view broken only 
at long intervals by the tall shaft of a ranchman’s windmill.*'* 
In the draws percolation b large. Where larger than ordinary, 
often where several draws meet, there may be a depression or 
"grass valley” with or without a visible outlet. 

Features of Valleys.— As the margin of the plateau is 
approached, the gully-like heads of stream valleys appear, gene- 
rally within the draws. The headward growth of these is guided 
by the draws, for the supply of water b greater there than else* 
where but the draw gives way abruptly to the gully and does not 
meige gradually. The upper courses of these streams cut narrow 
V-shaped valleys in the strong limestone. Here most of the 
water carried is direct run-off; floods from torrential are 

* R. T., and Vaughan, T. W., Geology of the Bdwardfl 

and Rio Grande Plain, XJ. S. Oeol. Survey, 18lA Ann. lUpt., pt. II, p. 207, 
1S97 

* In western Vnited States the word “draw” commonly wgnifie* a shallow 

valley without a stream- _ . j 

* Hjll, R. T., and Vaughan. T. W., Geotegy of the Edwards Pbteau and 

Rio Crandc Plain. V. S. Gcol. Survey, Ann. Rept.y pt. II, p. 206, 1897. 
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common, but some springs of great size occur where streams in 
iheir headward growth have tapped an important water-bearing 
passage in the Limestone. These passages are of all sizes up to 
large caves. 

On account of the great height of the southern escarpment » 
especially in its western part, the streams rapidly descend some 
hundreds of feet through the ravine-like valleys here described. 
At the foot they niay cut into a stratum from which unusual 
quantities of ground water arc received. As the supply from this 
source is constant the habit of the stream changes, being less 
subject to flood. The effect of the many springs, moreover, is to 
sap the strong rocks of the canyon walls which thereupon retreat 
and separate. Thus results the somewhat anomalous form of 
canyons with almost vertical walls but several miles wide, having 
flat floors, often covered with flne deciduous forests. Even 
some agricultural land is present. 

On the lower plain beyond the mouths of these canyons, as 
at intervals within the canyons themselves, all streams run on 
beds of deep gravel. Where this Is deep enough, broad enough, 
and porous enough, the stream disappears entirely, reappearing 
where forced to the surface by a less porous substratum. In 
striking contrast with the intermittent head streams which carry 
only storm waters, the streams here are fed wholly by water 
from the ground. They are constant in volume at any one 
place but are interrupted.' In exceptional cases, the same 
streams higher up in their courses may thus disappear into a 
bed of fissured limestone as docs the west branch of the Nueces 
below Kickapoo Springs.’ 

As the water-bearing rocks which underlie the Edwards 
Plateau pass beneath the adjacent ('oastal Plain, they become 
reservoirs of artesian water, In passing from (he plateau to the 
plain they are broken across by the great Balcones fault or group 
of faults. Along this natural rift, much water is forced to the 
surface by artesian pressure. Fissure springs or artesian springs 
are thus formed, some of them of remarkable size. The Barton 
Springs near Austin discharge 25 cu. ft. of water per second. 

‘ An "interrupted” stream flows at some places and not at others; an 
iiitcpmitUsnt Btrcam flows at aomr times and not at others: see Nueces folio 
42, p. 1, V. H. Gcol. Burve 3 *. 1008. 

* Bhay, Wy, M., The Timlror of Ihe E«1 wards Plalosu of Texas V K 
Dopt, Agr., Bur. of Forwtry, BuJl. 49, p. 13, 1904. ’ 
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Some Others are much larger. The Comal Springs are the source 
of a river carrying 32$ cu. ft. per second or 212,000,000 gal. per 
day,^ more than 5,000,000 bbl. 

Vegetation. — The uncut surface of the Edwards Plateau is 
treeless. Trees, or at least woody plants, occupy most slopes 
and valley bottoms. According to the moisture received from 
above and below, these vary from heavy deciduous forests in the 
lower valley bottoms to sparse and stunted scrub oak, cedar, and 
chaparral on the higher slopes and farther west. Wherever 
grass is temporarily weakened, even on the flat uplands, as by 
overgrazing, which is very common, the humbler forms of tree 
growth seize upon the ground, as (hough the luxuriant grass 
had been holding the ground by inheritance rather than by its 
greater fitness. When this occurs on the flat upland the effect 
is an economic loss, because grazing is the leading and only 
great industry. In the natural state, however, the distribution 
of forests is ideal, since they serve to prevent soil erosion and 
increase the percolation of rain waters in the hilly country, while 
leaving the uplands to grass where erosion is absent and percolor 
tiOQ in any case is large. 

CENTRAL TEXAS SECTION 

General Relations. — North and oast of the Edwards Plateau 
is the Central Texas section from which the plateau-making 
limestones just described have been in large part removed. As 
indicated on page 9, the master structural feature of this 
region is a thick and strong stratum of limestone which dips 
faintly east and south from the high young plateaus to the Coastal 
Plain, at the inner edge of which it Is faulted down beneath the 
present base level and remains covered by younger and weaker 
strata. The country is divided into physiographic sections 
based on the degree of erosion of this limestone plateau, since it 
everywhere forms, or has formed, the surface. The section here 
considered is the area in which this erosion has been carried 
approximately to or beyond maturity but has not, over any wide 
area, reached old age, even where the limestone has been exten- 
sively removed. Generally where the Edwards limestone itself 
has been eroded away (within this section), the underlying rocks 

» Hjll, R. T., and Vaoohak, T. W., V. S. Geol. Survey, ISlh Atm. Rept., 
pt. II, p. 31 1 ; pagM 207 to 210 deacribe the several parts of a typical atream 
descending the escarpment; aee alao U. 8. Geol. Survey, BuU. 140, 1805. 
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are also resistant and the topography is still one of strong relief. 
The topography of this section varies from place to place accord- 
ing to the nature of the rocks disclosed by denudation and the 
stage reached in the erosion cycle. 

Comanche Plateau. — As the section is dehned in the preceding 
paragraph and on page it embraces a number of clearly 
distinguished subdivisions which for lack of a technical term 
may here be called districts.* There is first a belt of submaturely 
dissected plateau on the east side from Fort Worth on the north 
to the Colorado River on the south. This may be called provi- 
sionally the Comanche dissected plateau.^ This plateau slopes 
cast with the dip of the Comanchean series of limestones (Fig. 
22) from an altitude of 1,800 ft. on the west to 800 ft. on the east. 
The greater elevation of these strata, still farther west, caused 
them to be eroded away. Their relatively low level on the east 
almost protects them from erosion. South of Waco the east- 
facing Balcones fault scarp makes its appearance, at first very 
faintly but increasing in clearness toward the south. With 
gradual increase in height toward the west the surface of this 
C’omanchc district becomes more and more subject to erosion. 
As might bo expected in an eastward-sloping plateau, the amount 
of local relief decreases eastward. Toward the west where 
valley-cutting is pronounced, a relief of 300 to 400 ft. is not 
uncommon. The strong rocks and the semiarld climate cooper- 
ate to cause steep valley walls and mesa slopes. Between the 
broad valleys of the larger streams are plateau remnants more or 
less dissected by canyons. The name “Lampasas Cut Plain*' 
has been applied to the higher and more sharply eroded (western) 
part of the Comanche dissected plateau.* As the relief decreases 

' The phyiiography of this eection a so intimately connected with the 
underlying rocks that a discuasion of it is impossible without constant 
reference to the geologic map. The necessary daU are given on the Willis 
Roologic map of North America, U. 8. Geol. Survey, 19U; but in more 
druil on the geologic map of Teaas, tssued by the Univeraity of Texaa, 1916. 

» It is typically represented in Comanche County east of the 99th meridian 
and south of the 32d parallel. The same name, Comanche, is also applied 
to the great aeriea of strata of which this plateau b composed (Fig. 22). 
The Comanche series includes the Edwards limestone, the name of which 
<Ukcn from Edwards County) is associated with the related plateau to the 
southwest. 

. ^ J ‘he TexM Region, Topogr.phic&l 

foho 3. U. 8, Ceol. Survey, 1900. • k 
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toward I he ejist, the anguJarity is somewhat lost. North of 
lat. 31* a narrow eastern margin may almost be called a rolling 
plain. This margin lacks the typical character of the section 
considered as a whole. It is a local variant of the widespread 


' oXSm CrttocMM UMitf 

Fio. 22.— Ceolofie rntp of c«n(riU Texu. Mo«t of (be itrongly cKoraclerisod 
diotrieU within tho Central Texu wetion (heir character to the underlying 
rocks. Compare the index map. Pig. 4. page 10 and the general province map. 
io pocket. The chief geologic diatinetiona are aa foUowa. Tertiary {Costal 
Plain. Llano F/atacado): Upper Cretaceous (Coaatal Plain pro\ioee) : Comancheao 
Cretaceous (Pd wards Plateau. Comanche Plateau. Callahan Divide); Permian 
{denuded arena): Pennsylvanian (Palo Pinto district); undivided Paleosoi^ 
Cambrian and Ordovician. pre>Camhrian and Igneous (I^ano district). (Reductd 
fr^m map o/ Tens.) 

type into which it merges and with which it must be considered 
in a rational explanation of physical features. This narrow strip 
is the typical “Grand Prairie." The name Grand Prairie^ has 

» Hill, R. T., Geography and Geology of the Black and Grand Prairies, 
U. 8. Gcol. Survey, 2 let i4«n. Repl., pt. VII, 1900. 
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also been applied to a much broader strip without natural 
limits, including much of the dissected plateau on the west. 

The altitude of the Comoncbe dissected plateau also decreases 
toward the north. North of Fort Worth the relief on the Coman- 
che limestone is relatively small and its distinctive character is 
lost. The change is, however, gradual. There is no abrupt 
natural limit short of the Arbuckle Mountains. It is rather a 
matter of convenience that the northern end of the belt underlain 
by the rocks of the Comanche Plateau is here assigned to the 
Central Lowland. Employment of the ('olorado River as a 
boundary line between the (’enlral Texas section and the 
Edwards Plateau on the south is also arbitrary (see page 51), 
since the change from the flat Edwards Plateau to the dissected 
Comanche Plateau is gradual. 

The eastern and western boundaries of this Comanche district 
are to a remarkable degree marked by narrow strips of forest 
called "Cross Timbers"* interrupting an otherwise open country 
devoid of trees except for certain low, bush-Hke forms. The 
belt of "Eastern Cross Timbers," nowhere more than 10 milci? 
wide, follows the outcrop of a weak sandy stratum at the base of 
the Upper Cretaceous as far south as Waco and separates the 
"Grand Prairie" from the "Black Prairie," the latter being a 
part of the ('oastai Plain. In a similar way the equally narrow 
belt of "Western Crosa Timbers" follows a very sandy outcrop 
at the base of the Lower Cretaceous and hence marks the western 
edge of the Comanche dlasccted plateau. 

Callahan Divide. — A second subdivision or district is commonly 
known as the Callahan Divide, i.e., the belt along the divide 
between the Colorado River system on the south and the Brasos 
on the north. Along this line, the plateau-making limestone 
is locally preserved in broad flat-topped and often steep-sided 
mesas or groups of mesas 400 to 600 ft. high, while wholly 
carried away from the upper Brasos Basin and even from a 
considerable area in the Colorado Basin. This line of plateau 
remnants (Fig. 22) connects the perfectly preserved Llano Esta- 
cado with the difflected Comanche Plateau and it Is plain that its 
striking topography represents a stage of erosion more advanced 
than that of these plateaus on either side, but less advanced than 
that of the denuded Permian plains to the north. Where Iherem 
nants are broad or closely set, the aspect is like that of the western 

‘ Hill, H. T., cU., pp. 7» and 81. 
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part of tho Comanche Plateau, even to the narrow band of 
"Cross Timbers^* at the base.* The branch of this forest belt 
which turns west from the Comanche Plateau and follows in 
more or less interrupted fashion the northern base of the 
C'allahan mesas may be said to mark tbe boundary between the 
Central Texas section and the Osage section of the Central 
Lowland. 

Lowland along the Colorado. — Another district having its 
own distinctive type of to|>ography is the broad lowland along 
the C'olorado. Here for 100 miles the river flows through a 
broadly rolling prairie overlooked from the north by the scattered 
mesas of the Callahan Divide and from the south by the ragged 
escarpment of the Edwards Plateau. Tbe topography is one of 
approaching old age. The local relief is several hundred feet, 
but the slopes are generally gentle. Hard rocks farther down 
stream prevent the Colorado from cutting much here and its 
fall is small. This part of the Colorado Basin closely resembles 
the upper Brazos Basin to the north. 

The Llano District. — The southern end of the Central Texas 
section, centering in Llano (/Ounty, and being in large part the 
lower basin of the Llano River, differs strikingly from the other 
districts in general appearance (see index map Fig. 4 and geologic 
map Fig. 22). Its most characteristic feature is a central basin 
with a rolling floor studded with "mountains” 400 to 600 ft. 
high and surrounded by a plateau run as high as the "mountain 
tops. This rimming bench is in turn surmounted by the frayed 
escarpments of the Edwards limestone on all sides, except for 
about 25 miles on the north. The central depression is therefore 
a basin within a basin; yet so prominent are details as compared 
with larger relations, that this is always known as a moun* 
tainous country. 

The central basin, somewhat more than 25 miles wide and 50 
miles in length, is carved on granite, gneiss, and schist, which in 
this case are less resistant than the horizontal Paleozoic strata 
which make the rim.* Some of the "mountains” within the 
basin are capped by remnants of these strata. Such arc flat 
topped. Others represent hard kernels of the crystalline rock 
and are maturely dissected. The surrounding bench or rim is m 
part maturely dissected, elsewhere young. Its width ranges 

‘ Hill, R. T., Uk. «f., maps. ^ ^ 

* Pajqe, Stokey, LlanCKBumett folio 183. V. S. Geol. Survey, 1912. 
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from 5 to 25 miles. Back of it is the irr^lar Edwards escarp- 
ment whose height ranges from 200 to 400 ft. 

It is impressive to note that the primary cause which differen- 
tiated this district from its surroundings was an upthrust and 
not a sinking. This may be seen in the faults at the edge of the 
central basin. In practically all cases the upthrow is on the 
inside.* The area was then penc planed, exposing the crystalline 
rocks of the uplifted mass before the deposition of the limestone 
strata which now constitute the neighboring plu1eau.s. When 
later erosion removed the limestone and laid bare the older 
peneplain, the crystalline rocks, again exposed, were eroded moi'e 
easily than the surrounding ancient strata. A topographic 
basin was thus formed where upheaval had once made a high- 
land. The elean-eut escarpments which now mark some of the 
fault lines face in instead of out, as the original fault scarps must 
have done.* 

Palo Pinto District. — The most noteworthy locality, aside 
from the Llano district, in which strong rocks are exposed by the 
stripping away of the Edwards limestone, is a narrow strip on 
('arboniferous (Pennsylvanian) rocks west of the C'omancho 
Plateau, chiefly north of the ('allahan Divide (Fig. 22). It is 
well exemplified in Palo Pinto ('ounty, from which fact this 
district has been called by Hill the "Palo Pinto ('ountry/** 
It is characterised by steep-sided ntesas cut by canyons. These 
mesas are remnants of strong sandstone beds, while between 
them on lower-lying shales are rolling mesquite-eovered plains. 

Physiographic History. — The recent physiographic history of 
central Texas is strongly suggested by the larger streams. The 
intricacy of their meanders is striking, but still more so when it 
is observed that at many places where the meanders are most 
picturesquely tortuous, there is little or no flood plain. This is 
true of the Brazos in the Palo Pinto district and in the higher 
western purl of the C!omanche Plateau. It is strikingly true of 
the Colorado as it flows through the rim of the Llano Basin. 
Generally speaking, it is most striking where the rocks arc 

' Pa(Oe, Bydnby, toe. cil., p. 10. 

‘An the term “Uult scarp” muat be reserved for the feature originally 
produced, tUo eacarpmenl developed hy later erewion ia termed &/auU Hue 
scarp, 

* Physical Geography of the Texas Region, Topographieal folio 3, U. S. 
Geol Burvey, 1900. 
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hardest, but even where erosion is easier, the lack of broad flood 
plains at the present stream level is noteworthy. 

Such entrenched meanders are, of course, inherited from a 
lime when the stream flowed sluggishly at the level of the present 
upl ands (or rat her when t he present uplands were lowlands) . Evi- 
dently the uplift which caused the entrenchment was very recent 
and was not the one which occasioned the widespread denuda- 
tion of the surface and the dissection of the Comanche Plateau. 

Back of the entrenchment lies an older erosion cycle whose 
product is the stripped plain of the Edwards Plateau, the same 
surface which extends for some distance north under the Tertiary 
cover of the Staked Plains. In the discussion above, the original 
covering of strong limestone strata over central Texas has been 
mentioned without reference to its earlier history. Geologic 
observations indicate that this formation was covered by others 
nnd (hat therefore its present surface is one of erosion and not 
the original surface of deposition. Here and there are a few 
small remnants of higher beds; moreover, the topmost beds are 
not the same everywhere; they arc faintly beveled, but on the 
whole the surfaces of the Edwards and Ck>mancbe Plateaus agree 
remarkably with that of a single strong formation, the Edwards 
limestone. That this formation should have been so completely 
denuded with so little degradation of its own surface must be 
ascribed in large measure to the resistant character of the rock. 
With its surface as high above base level as at present, this 
would have been impossible, but even after allowing for nearness 
to base level during erosion, this surface remains a remarkable 
example of a stripped (or stratum) plain. 

The physiographic history of this region then begins with the 
erosion of the beds which lay upon the Edwards limestone. 
At the close of the cycle in which they were carried away, the 
surface of the entire region from the Coastal Plain west and north 
to an unknown distance (at least to lat. SS”) was on the limestone 
which makes the present plateaus. The northern end was 
later covered by flu/iatile wash from the mountains. Later 
uplift occasioned the widespread stripping away of the limestone 
itself; its sharp dissection elsewhere; and the approximate 
development of a new peneplain in some parts of the newly 
denuded area. It was in the latter part of this last cycle that 
the phenomenal meanders were developed. This was followed 
by the uplift which caused the streams to become entrenched. 
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MISSOURI PLATEAU 


Boundaries. — The Missouri Plateau comprises all that part 
of the Great Plains province which lies north of the High Plains 
to an undetermined boundary in Canada. Its southern limit 
is the Pine Ridge escarpment (see index map, Fig. 3, page 8), 
well shown on the geological map because the higher formations 
which underlie the High Plains on the south are absent on the 
north. This high escarpment, maximum 1,000 ft., retreating 
southward, suggests that the Missouri Plateau is a greatly 
degraded area (see Fig. 8, page 17). Along its eastern boundary 
the Missouri Plateau is itself being consumed by the gradual 
westward spread of the Central Lowland. Here the two prov- 
inces, Central Lowland and Great Plains, are separated by the 
indehnite escarpment described on page 74. 

Isolated Mountains. — Scattered through the western third 
of the Missouri Plateau arc a number of small isolated mountain 
groups, rising 2,000 to 4,000 ft. above the plain. Of these the 
Black Hills are so large as to merit treatment as a separate 
section. Some, like the Little Rockies and the Big Snowy 
(index map, Fig. 3), are diastrophic uplifts similar to the Black 
Hills and the neighboring Rocky Mountains. Others, like the 
Highwood and Bcarpaw Mountains, are extinct volcanic groups 
of the same kind as those which border Yellowstone Park on the 
east. Ail of them arc products of the same forces which made 
the Rocky Mountains. 


The Little Rocky Mountains’ between the Missouri and 
Milk Rivers and west of the 108th meridian are typical domed 
mountains like the Black Hills. The dome is roughly circular in 
outline and 15 to 18 miles in diameter. Erosion has exposed 
deep^ated rocks at the center, making rounded crests rising 
nearly 3,000 ft. above the plain. The steeply tilted younger 
strata make striking hogback ridges encircling the mountains. 
The most conspicuous is the “white wall" of Carboniferous 
limestone, visible for 50 miles, deeply notched or scalloped by the 
recently revived streams which flow out from the center. 

The Big Snowy Mountains, south of lat. 47^* and west of 
long. 109^, differ from the Little Rockies only in such details 
as result from a broader dome, less steeply Ulted strata and less 
profound erosion, the crystalline rocks not being exposed. This 

• Weed, W. H-, tnd Pimkwn, L. V., (ieotegy of Ihc Liulc Itocky Moun. 
tajn«, Jour Qeol y vol. IV. pp. 399-128, *896. 
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uplift is in line with the axis of the Little Belt uplift {page 217), 
though separated from the latter by a structural sag and a strip 
of plain 10 miles wide. The Larb Hills east of the Little Rockies 
are a still gentler fold, though rising 1,500 ft. above the plain. 
Though deeply and maturely dissected, the uplift is sufficiently 
recent so that the strata of the surrounding plain have not yet 
been stripped from the dome. The Sweetgrass Hills, 6,000 to 

7.000 ft. high, lying near the Canadian boundary and west of the 
111th meridian, are ancient intrusives now being exhumed. 

The High wood Mountains south of the Missouri River in long. 
110^30' are a group of extinct volcanoes maturely dissected, 
their peaks rising 4,000 ft. above the plain. Deeply eroded 
laccoliths also form parts of the group. ^ These mountains are 
of special interest because they have preserved near their tops, 

3.000 ft. above the present plain, remnants of higher strata which 
must once have covered the plain.* The Bcarpaw Mountains, 
northwest of the Little Rockies, are also old volcanoes, past- 
maturely eroded, having low rounded crests and wide fertile 
valleys.* The Judith Mountains, north of the Big Snowy, 
are little more than a group of eroded laccoliths.* 

There is thus a mingling of characteristics, the diastrophio 
uplifts being closely related to the great mountain belt on the 
west, laccoliths being more characteristic of plateaus, and typical 
volcanoes occurring equally in both. 

In a deep reentrant of the mountain front in latitude about 46^ 
stand the Crasy Mountains,* a volcanic group at least 30 miles 
long (north-south) by 16 miles wide, and rising more than 5,000 
ft. above the plains. The conventional province boundary allots 
them to the Mountain province but they are surrounded by 
nearly flat-lying strata having the topc^aphy of the Missouri 
Plateau. The real mounUin front is at the Bridger Range 
farther west. At the summits of the Crasy Mountains and on 

* Fort Benton folio 65, XJ. S. Geol- Survey, 1899. 

« Davis, W. M., "Tenth Censue," vol. 15, Report on Cosl, pp. 710, 787j 
also Eldridoe, Gboroe H., same vol., p. 745; PenseoH, L. V., Petrography 
and Geology of the Igneous Rocks of the Highwood Mountains, Montana, 
U, S. Geol- Survey, Rolf- 237. 

* Calhous, F- H. H., U. S. Geol. Survey, Prog. Pop- 50, p. 12, 1906. 

< Weed and PinsaOK, The Judith Mountains of Montana, U. 8. Geol. 
Survey, l7fA /tn«. fiepi.. pt. Ill, p- 576, 1R97. 

* U- S. Geol- Survey, Folioe I an<l 56; WoLrr, J. B., Geology of the Craay 
Mountains, Montana, Geol. Soc. Amer. Bvii, vol. 3, pp. 446-452, 1«92. 
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their long lateral divides is an old topography of rounded forms 
and mild relief. This old surface is in large part destroyed 
by revived streams and glacial erosion.^ Like the High wood 
Mountains, this group possesses special interest by reason of the 
evidence it affords of deep denudation. Here are remnants of 
strata believed to have covered (he adjacent plain, now 5,000 ft. 
above the surrounding peneplain.^ 

Among the significant features of practically all of the moun- 
tain groups here described are rounded crests with steep-sided 
valleys indicating an old surface of moderate relief dissected 
by rejuvenate<l streams. Above the level of 5,000 ft. are wood- 
lands or even good forest interspersed with open grasslands. 

UnQLACIATEP SfiCTION OF THE MISSOURI PLATEAU 

Alluvial Terraces. — The surface of the Missouri Plateau, 
aside from the isolated mountains already described, may be 
thought of under four different typos:* (1) broadly terraced river 
valicys, (2) interstream uplands imperfectly peneplaned in a 
series of partial cycles and locally dissected to badlands, (3) high 
interstreum areas widely alluviated by coalescing alluvial fans 
or flood plains, (4) a combination of (he foregoing, glaciated. The 
lust named is treated as a separate section. 

By far the most prominent among the terraced valleys is that 
of the Yellowstone, while second only to U are the valleys of its 
southern tributaries, chiefly the Bighorn and its branches in the 
Bighorn Basin. The Missouri, except in its upper course, is a 
special case with a history of ils own (page 76). 

The immediate valleys of these and other streams heading in 
the mountains (the valleys between the present bluffs) arc 
generally narrow and young. Bluffs rising to the first terrace 
arc one hundred to several hundred feet high and at olaccs 
difficult to cross except by graded roads.* The adjacent terrace, 
or the upland where terraces are absent, may be mildly eroded 

* MANHriBLD, Obo. K., Gucistion in the Cnty Mountains of Moutnnn 
Geol. 8oc. Amer. Bull., vol. 10, 1007. ’ 

*Uphak, Wakkbn, Tertiary and Early Quatemarj* BaAO-lPvclinff 
Am#r. Oeol., vol. 14, p. 237, 18N. 

•Alden, W'm. C., Phyeiographic Development of the Northern Groat 
Plaine, Gool. 8oc. Amer. BuU., vol- $6, pp. 335-424, 1024. PI. 11 is a map 
which may be rendered valuable by anyone who will carefully color the 
Beveral terraoca and formations named in the legend. 

‘Alden, Wk. C., Ufc. cit., p. 388. 
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or carved into badlands. Beyond the present flood plain, 
especially along the Yellowstone, are terraces, one, two, or three, 
at vertical intervals of 100 to 600 ft.‘ The width of the valley 
at the highest terrace level is at places 20 miles. Widths of 
one to two townships are common. A succession of three 
recognized levels is found at a sufficient number of places from 
the Dakotas to the Rocky Mountains to admit of tentative 
correlation. 

Interstream Uplands. — Back of these terrace lands, between 
the larger rivers, is the widespread surface which was being 



Fio. 23. — RoUinc |>lain on the Pierre weit of Pierro. South Dakota. 
This ia in the Miasoun PlatMu. Th« surface U due to deep and extensive 
desradotion. C'ontrast the surface stwwn in Fic. S. {Photo by B. H. Barbour. 
U. S. GiOl. Sunry.) 


eroded while the terraces were being carved and alluviated 
(Figs. 23 and 26). It consists of smoothly rolling plains or pene* 
plains at different levels, as though cycle after cycle of erosion 
had but partly destroyed the peneplains of older cycles.* The 
remnants of different age preserved at different levels constitute 
a crude system of terraces produced by the destructional work 
of erosion between the great valleys. Generally such terraces 
are less clear than those of the stream valleys except where the 

^This statement takes account of only the more prominent and persistent 
terraces. 

* An illustration of this near the mountains is given by F. H. H. Calhoun, 
J. 8. Geol. 5>urvev, Prof, Pap. 80, p. 9, 1906. 
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descent from one level to the next is by an escarpment over the 
outcropping edge of a stronger bed. 

The rolling, terrace-like plains here described are the dominant 
elements of the topography. Erosion has affected them to 
various degrees, broad valleys sometimes connecting higher 
with lower levels, obscuring locally the real design. Unconsumed 
remnants rise above all levels. 

There is a good deal of very rough country. Not only in the 
breaks along the Missouri and Yellowstone is there deep and 
thorough dissection, in places typical badlands, but in the larger 
interatream tracts ridges rise in places 500 to 1,500 ft. above the 
valley bottoms, often with bold cliffs and picturesque towers and 
pinnacles, especially where the eminences are capped by sand* 
stone. ^ 

Near the Rocky Mountains and in certain outlying areas where 
the beds are inclined, sandstone cuestas appear. Good examples 
are found on the Salt Creek dome east of the Bighorn Mountains;^ 
also in the Wolf and Rosebud Mountains (cuestas) east of the 
Bighorn River in southern Montana.^ For some distance west 
of the Black Hills there is a succession of eroded cuestas.* Ivvcn 
in northwestern South Dakota there are parallel lines of buttes 
trending north- northeast, due to the outcrops of sandstone beds 
dipping slightly westward.* 

Broadly Alluviated Areas between Streams. — Surrounded by 
the type of lands last described (interstream uplands) are certain 
remnants of broadly alluviated high plains. A space roughly 
enclosed by the Little Belt, Big Snowy, Judith, and Highwood 
Mountains is in large part occupied by such plains. They do not 
differ greatly in aspect from the broadest of the terraces in the 
valley of the Yellowstone. The underlying material is the same 
and their altitude differs no more than that of the parallel 
streams of the present time. Apparently while the great 
through-flowing streams (Missouri and Yellowstone) were 
developing wide flood plains there was a considerable area in 
central Montana drained by weaker streams whose loads were 
^ Ald&n, Wu. C., loe. eU., p. 3S7. 

» WcOEHAN, C. H., The Salt Civek Oil Field, Wyoming, U. 8. Oeol. 
Survey, Butf. 4S2, pp. 4(MI, It) 11. 

* See Topographic Map, Roeebud quadrangle. 

♦Dartok, N. H., Newcastle folio 107, U. S. Geol. Survey, 1904. 

•Todd, J. E., ProUmiciary Report, Geology of Northweatem Central 
South Dakota, S. Dak. Gcol. Survey, Bail. 4, p. 17, 1908. 
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80 excessive that the streams wandered widely, covering the 
entire area with their coalescing fans or AckmI plains. 

The plains here referred to do not lie higher than the adjacent 
plains of the type previously described, but there are other 
smaller remnants of gravel plains that rise as mesas often 500 
to 600 ft. above their surroundings. These are the “Flaxville 
Gravels.*'^ Remnants a doscn or more miles in extent are found 
at various places near (he Yellowstone, especially in eastern 
Montana; also near the Rocky Mountain front from the Canadian 
border to the Bighorn Basin. The largest remnants are in the 
glaciated section near the international boundary. ‘ The great 
lateral extent of these deposits indicates that the depositing 
stream or streams wandered widely, divides being to some 
extent destroyed by planation and at all events covered. 

A large remnant of a still higher gravel-covered plain is known 
as the Cypress Hills. It lies north of the 49th parallel and for 
the most part east of the 110th meridian. It stretches 80 miles 
from west to east and has a flat surface covered with heavy 
gravel 2,000 ft. above the Saskatchewan River on the north and 
Milk River on the south, and sloping eastward 12 to 13 ft. per 
mile. Obviously (he gravel was deposited by a stream (or 
streams) from the mountains. Quite as obviously this points 
to a time when the streams of the Great Plains crossed the 110th 
meridian at a level 2,000 ft. higher than that of today. 

Divergence of Erosion Levels toward the West. — The differ- 
ence between present and former levels, as shov'n by terraces and 
other gravel remnants, grows less toward the cast and greater 
toward the west. The depth of the Missouri trough in the 
Dakotas is 300 to 400 ft. The same valley at the Dakota-Mon- 
tana boundary is 600 to 700 ft. deep. Near the mountain front 
the Missouri and Yellowstone Valleys and those of their larger 
tributaries are 800 to 1,000 ft. deep. With this increase of 
depth toward the west goes a greater erosion of the land near the 
rivers, with correspondingly greater prominence of sandstone 
escarpments. 

In like manner all Urraces and old erosion surfaces converge 
eastward. In the Dakotas there is a single widespread rolling 

> Collier, Abthdr J-, »nd Tbom, W. T., The n8E>-ille Gravel, etc.. 
U. S. Geol. Survey, Prof- Pao. 108 J, pp. 179-184. 191S. 

’ AU areas here meotijoed axe ahowi* oo the mup f uhhshed in the paper 
William C. Alden, referred to abo'*e. 
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upland which seoins to represent a once continuous surface from 
which the newer and sharper relief has been carved. Directly 
east of the Black HiUs, this general level is cut on shale (Pierre 
formation) which contains almost no sandstone beds. On these 
rocks the upland level where preserved is monotonously rolling 
(Fig. 23). Farther north, on account of the northwesterly dip, 
the surface bevels younger strata (Fox Hills, Laramie, and Fort 
Union) containing some sandstone beds which cause the widely 
rolling surface to be interrupted by low cues! as. 

Here (chiefly north of the Black Hills) a number of monadnocks 
rise to an almost uniform level 400 to 600 ft. above the peneplain. 
Sentinel Butte (3,430 ft.) near Medora, North Dakota, is the 
third highest point in the state. Most of these buttes are flat- 
topped and protected by strong sandstone. It is known, how- 
ever, that still higher beds once covered these hills, and that 
at [cost 1,000 ft. of rock were carried away in making the pene^ 
plain which surrounds them. The altitude of remnants near 
the Rocky Mountains is much greater, indicating correspondingly 
greater uplift and erosion. A number of eminences, presumably 
identical in character, stand out on the plains of Montana. 
Many lower buttes and mesas, rising 150 to 175 ft. above the 
plains of Dakota, are capped by a slag-like sul>stancc due to the 
partial fusion of clays by the natural burning of coal beds.^ 

White River Badlands. — The eastern part of this section is 
remarkable for its badlands. They occur where the widespread 
peneplain is being actively dissected by renewed erosion. Strips 
also occur at the edge of the High Plains in the Pine Ridge 
escarpment. An area cost and south of the Block Hills includes 
the "Big BiullandH” between the ('heyenne and White Rivera 
(Fig. 24) and extends well to the south of the White River and 
westward along the wasting escarpment of the High Plains. 
This is the largest single cent pact area but most of the streams 
between this area on the south and »he glacial boundary on the 
north are Iwrdcrcd, at least in places, by strips of badlands. 
The White River runs through the center of the South Dakota 
area; its tributaries do most of the carving, though those of tho 
Cheyenne participate. 

‘Wood, L. H., Itegion »>etwccn Northern Pacific lUilroad and the 
Miaaouri llivor, N. Dak. (Icol. 8urvc>', Orf Bi^niol RffM,, |,p. 60 and 62-03 
1904; Leohaki), A, C., Topography cf North Dakota, N. Dak Geol' 
Harvey, 2<i Kept,, p. 132, 19W; U. H. Gcol. Survey, BuH 027, p. 
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Id pointing out the pccuJiarly favorable conditions for bad* 
lands at this place, it should be remembered that badlands are 
essentially a type of mature dissection with a drainage pattern 
of fine texture, and with steep slopes. Fine texture (numerous 
and closely spaced drainage lines) and steep slopes occur only 
where the land lies well above its local base level. The material 
must be easily eroded; otherwise vegetation will cover the sur- 
face and prevent minute dissection. In soft material, steepness 
would soon be lost, were it not for continued cutting down of 


Fro. 24.— n>f Rndland* between ihe Ch«>'«»ne and WhiU River*, South 
Dikkoto, The bed* here expoeed ere lartwy cUy (Chedroft end Brule). Rem* 
nar)ta pf the plateeu from whkh the bedUnde irere carved are aceo at the TiRht 
und in outlyinc buttea. (Z) 0 rtoa, S- (7eo^. Swraetr.) 

the valleys, which again points to the fact that the land must 
lie distinctly above its local base level. Aridity, although not 
essential, is favorable, partly because it is adverse to vegetatiou 
and partly because rain in arid climates is more concentrated 
into quick torrential showers which erode much more than do 
the slower rains of humid climates. Aridity also favors the 
preservation of forms between stream courses. 

These conditions, soft material distinctly above base level 
in an arid climate, are well satisfied here. The original surface 
(presen'ed in occasional mesas or “tables'') is 500 to 600 ft. 
above the nearby Cheyenne and White Rivers. The climate is 
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&l 60 sufticiently afid, but the condition which is present in pre- 
eminent degree is the fitness of the material. The White River 
formation^ consists largely of excessively fine clays, poorly con- 
solidated. At intervals are thin beds of sandstone or isolated 
concretions. Many of the fantastic features of the badlands 
are due to these harder beds and concretions. Wherever this 
formation crops out, whether in the Big Badlands, in the Pine 
Ridge escarpment, the Goshen Hole Basin, or in the edge of the 
High Plains in northern Colorado, its character is much the same 
and badlands are more or less developed. 

The White River badlands* are by no means a monotonous 
succession of straight slopes making V-valleys and sharp crests. 
Beside the terracing duo to plates of sandstone, many ‘‘tables*’ 
remain and the larger valleys have flat bottoms or U-shapod 
cross^ections. Some of the bottoms and all of the “tables” 
are grass covered, but the steep slopes are bare. The White 
River itself meanders over a broad flat ; its smaller tributaries 
do the cutting. These are, of course, dry except for a short 
time after rains. A considerable grazing industry is supported 
in the broader valleys and (he less dissected parts. 

Little Missouri Badlands. — All the streams flowing east to 
the Missouri are attended by strips or occasional patches of 
badlands, but the only area comparable to that on the White 
River is found along the Little Missouri. From (he southwest 
corner of North Dakota (his stream flows north 120 miles, then 
turns sharply east for 70 miles to join ( he Missouri. Throughout 
this distance it is bordered by badlands forming a belt whose 
width increases from 6 or '/ miles ut (he south to 25 or more miles 
at the bend, and decreases again to 10 or 12 miles on the eastward 
course, The depth of cutting increases from about 80 ft. at the 
south to a maximum of over 500 ft. near the bend. Like the 
White River, the Little Missouri meanders over a broad flat 
(one-httlf to one and one-half miles) gouging into the right 
and left bluffs alternately, dividing and subdividing among 
sandbars — a much overloaded stream except in limes of flood. 
Even the larger side valleys have flat or broadly rounded bottoms, 

* A good gcoJagic map stiowing the extent of (hU formation U found in 
U. 8. (iMl Survey, Prof. Pap. 32, pj. XXXV. A mmiiar map for .South 
Dakota la found in U, 8. Gcol. Survey, W^. Sap. Pop. 227, pi I 

’O’Hara, Clropmas C., Badland Formations of the Blaek Hill Keftion 
8. Dak, Kch hjI Mines, Bull. 0, 10 Id ^ ‘ 
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kiut the smaller tributaries form a labyrinth of gullies. Residual 
mesas and outstanding promont^>‘ies of the upland increase in 
size and number with increasing distance from the stream. 
Nevertheless the dissected sone has fairly definite limits, so that 
from many points on the brink, if one looks away from the river, 
nothing is seen but the nearly level upland, while in the opposite 
direction is a wilderness of chasms, fantastic and pictui'esquc 
buttes, and divides (r/. Figs. 25 and 26). Generally the divide 
between the Little Missouri and Missouri Rivers is only 10 to 15 



25. — BadUnds along Ultk Mtooun mn rrom the cdcc of the dk- 

*oiie. This vjsw and the oiw shown id Fig. 20 w4*ro taken from the toms 
point, showing tha abruptness of the change from level prairie to badlands. 
iPSoto btf A. l>. Fdl^we, fi. Dot. Gni. ^afseg.) 

miles east of the former. At that line the tributaries of the 
Missouri start east in shallow troughs and with little or no 
cutting power. 

The level of the crests between the badland gorges near the 
river is generally not quite so high as the adjacent upland. ‘ 
This indicates that, before the cycle of badland cutting, the river 
occupied a shallow valley perhaps 300 ft. deep at the most, and 

‘ Wood, L. H., Report on the Region between the Northern Pacific 
Railroad and the Missouri River, N. Dak. Gool. Survey, 3d Bienuiai R^t, 
p. 49, 1904; LeowABo, A- O., Geolo©' of Southwestern North Dakota, N. 
Dak. Geol. Survey, Stk BiennuU Rept., p. 35, 1908. 
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much narrower than the present dissected zone.* Beneath this 
old valley bottom the stream has entrenched itself 80 ft. where it 
enters North Dakota and 300 ft. near the bend. At the former 
place (southern boundary of North Dakota) the old valley bottom 
or present bench is dissected near the river only; at the latter 
place the full width of the bench is dissected and a broad strip 
of the adjacent upland besides. Below (east of) the bond, no 
older valley bottom is seen and the entire doplh of cutting 
(550 ft.) is in the upland. 



no. 2n,-- |>lnin in North DokoU in wbkh Utt I.jrtlc MiasoMri ha: 
incUcfl i)Q<Uun<lB. I'Jmb view and the one ihown iji FI*. 25 were uken trom thi 
lamp iMjiiit. (Photo fry A. U. S. Qtok. Surrey.) 


From these data it is apparent that the vigorous erosion of 
the badland cycle is advancing upstream and has made but a 
small beginning where the stream enters North Dakota, There 
IS good evidence that in pre-glacial time the Little Missouri 
flowed north instead of east from the bend, and was forced into 
latter course by the presence of the glacier in its lower valley « 
This accounts for the absence of the bench or old valley in that 
part of iU course and also for the narrowness of the dissected 
zone. 


L.°a Cluinwa in Wnsiom Norln 

JJakotu, owl. Soc, Amor. Buti, vol. 27, p. 303, 10 IS 
> Lsonabd, a. a, loc. eU., p. 300. 
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While the badlands on the LitUe Missouri have many bare 
<?lopes, the larger part of the area even on the slopes is more or 
less grassed. These badlands as a whole are a grazing countryi 
not a desert.* 



pio. of gUeistkOB eMt of long. 112”. Symbolx R, M W, 

indicato KjkDSxn. lowon. and Wiaoonan drift borders. Mountain glaciation 
uadifTerentiatcd. (Cotiri««v ^ Amtr. Mu*. Nol. HiMory.) 

G1.ACIATBD Section op the Missouri Plateau 

Extent and Effects of Glaciation.— The description of the 
topography of the unglaclaled section of the Missouri Plateau 
gives a fair mental picture of the surface of the glaciated section 
‘Lbohare), a. G., N. Dak- Gaol. Survey, SlA BUnnial fUpl., p. 40, 1908. 
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jefore the advent of the continental ice cap. The chief topo- 
graphic effect of glaciation was no doubt a smoothing of the 
surface, partly by abrading hills but mainly by filling up valleys. 
No doubt some valleys favorably situated were deepened, and 
locally, as in the Missouri C'oteau and other terminal moraines, 
a great deal of relief is directly due to glacial deposition, but 
the balance would no doubt be largely in the direction of reducing 
relief.* 

Over the larger part of this section (roughly speaking, that 
which lies east and north of the Missouri River) the icc advanced 
more than once (Fig. 27). The topographic effects of the last 
advance arc far more important, not only because of the larger 
amount of drift deposited, but because of the recency of the 
event. Except in the valleys of the larger streams like the 
Yellowstone, post-glacial erosion has changed (his surface but 
little and in the more morainic portions not at all. The older 
drift west and south of the Missouri was presumably thin from 
the start and the time since its deposition has been so long that 
an erosion topography has been fairly reestablished especially 
south of lal. 47^^ 

Near the Rocky Mountain front the edge of the continental 
drift sheet turns north, leaving uncovered a strip of plains about 
40 miles in width from cast to west and 50 or 60 miles long. This 
strip was in part covered by glaciers from the mounlains and 
most of it is here included within the glaciated section.^ 

Missouri Cotesu.— The strip of plateau in the Dakotas 
bounded on the west by (he trench of the Missouri River and 
overlooking the Ontral Lowland on the cast, is among the most 
remarkable morainic belts of the United Stales.* The drift is 
characteristically stony; large boulders abound. The uneroded 


' C/. Pt, Brnlon folio 55, p. 5, U. 8. Geol. Surv<*.v, 1 890. 

* Wood, L. H., llepori on the iXt^ion between the Kopthem Pacific 
Itailroad and the Mieeouri River, N. Dak. Ocol. Survey, Bunnial Repi , 
pp. 49-60, 1904. 

* Aldbm, Wm, C., PnsWieconain Drift in the Region of Glacier National 
Park, Montana, Gcol, 8oc. Amcr. BuU., vol. 23, pp, 587-708, 1912; rIko 
Alpem, Wm. C,. and SraiMaBR, Eoobne. GcoL Soc.;Amer. vol. 24, 
pp. 520-672, 1913. Tlie limits of the aes'cral ice aheelaon the Great Plains 
are auminarised by Aldcn in the paper already referred to, p). XI, 

* WiLLAHo, Dahibl E., and EnicKsoit, M. B., Survey of the Coteau of 
the MUaouri, Agr. Coll, N. Dak., 2d BUnnial fUpt., 1904; Willard, Daniisl 
E., "Story of the Prairies," pp. 216-222. 1907. 
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glacial debris remains as the ice left it, piled in hummocks with- 
out order, enclosing basins or ‘‘kettles" which contain ponds, 
swamps, “hay meadows," or merely more boulders. Some 
of the hills are 100 to 150 ft. high. The variety first promised 
by the lack of order is soon exhausted and the hummocks and 
hollows repeat themselves monotonously. Previous to the 
building of roads and fences the traveler who lost the trail might 
as well be lost in a forest. Slones were often piled into cairns 
to mark the roads. 

The entire area east of the Missouri River is not thus covered 
but a large part of it is; generally a strip 15 to 25 ..lilcs wide. 
The terminal moraines are more or less chain-like, the several 
chains meeting and parting irregularly. Limited strips of rolling 
ground moraine occur here and there between the bands of 
terminal moraine. 

Taken as a whole, it is a grazing country. There is grass on 
the stony slopes and hay in the limited bottoms, with excellent 
water in many of the hollows. The smoother parts are being 
rapidly appropriated to agriculture. 

Aside from features due to glaciation, this strip of plateau 
is in all respects the same as the rolling upland to the west. If 
the young trench of the Missouri were filled, the gentle eastward 
slope would be continuous. East of this upland lies the Central 
Lowland, degraded to a newer and lower peneplain, Uhe two levels 
being separated by a slope 5 to 20 miles in width and 300 to 400 
ft. high. This is the so-called “escarpment." The greater 
elevation on the west is not due to strong rocks; the escarpment 
merely marks the limit of a newer and lower peneplain which 
began farther east and is spreading westward. The later ice 
sheet which covered the lowland on the east crept up the slope, 
but having done so, its energy was exhausted. In successive 
small advances and retreats, it built its reduplicated terminal 
moraines. The strip of highlands east of the Missouri River 
is not therefore to be thought of as due primarily to glacial 
deposition, though in places there are several hundred feet of drift 
both on its top and in the valleys which formerly indented its 
slopes. The moraines are much the most conspicuous element 
of the landscape but they are merely superimposed on the plateau. 
The term “coteau” is properly applied to the range of moraines, 

' The term “peneplain” i$ used somewhat liberaU.v to signify a surface 
of law relief (^. footnote, p. 1S7). 
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not to the plateau of stratified rocks on which they rest, though 
this is often spoken of as the Coteau district or belt. The 
present drainage of the Coteau belt, in so far as there Is drainage, 
is westward; the divide is near the top of the eastward slope. 

The entire plateau district east of the Missouri River presents 
three types of topography. Its eastern slope is relatively smooth 
ground moraine, already deeply furrowed at places by "coulees,” 
i.e., narrow valleys carrying only storm water. Before glaciation 
it was doubtless much rougher and less regular. West of this 
slope is the Coteau proper, almost as the ice sheet left it. This is 
followed by the slope leading down to (he Missouri, covered with 
a complex of terminal moraine, older ground moraine and outwush 
plains, all subjected to active erosion. 

PHYSioGRAPnic History of thz Missouri Plateau 

Uplift and Denudatioii. — The topographic history of the 
Missouri Plateau is one of long erosion with intermittent eleva- 
tion. The minimum depth of denudation is inferred from rem* 
nants. Residual buttes in (he Dakotas are 660 ft. above the 
peneplain, but 400 ft. more arc bclievoil to have been eroded from 
their tops. Residuals increase in height toward the west. The 
Highwood Mountains contain remnants 3,000 ft. above the plain 
which indicate stripping to that extent, and the Crazy Moun- 
tains have preserved similar remnants 5,000 ft. above the plain 
(page 62). It is clear that thousands of feet have been stripped 
from the western part of the section while perhaps 1,000 ft. have 
been lost at the cost. The fact that relies of various plain sur- 
faces arc preserved in the west, up to a height of 1,(X)0 ft. above 
the general level, or nearly 2,000 ft. above the larger streams, 
shows that uplift was intermittent, some of the halts being long 
enough to develop local, or perhaps even widespread, peneplains 
with correspondingly broad alluviated valleys. The conver- 
gence of these various levels at the east indicates that the several 
uplifts were in the main tiltings, the eastern margin being less 
elevated than the western. 

It appears that in the oldest recorded cycles, major streams 
followed lines which are now divides. Thus the gravel capping 
of the Cypress Hills and the Flax v1 lie gravel north of the Milk 
River mark the positions of ancient valleys. It is well known 
that a thick layer of porous gravel may protect a surface from 
erosion while intervening higher areas arc cut down to lower levels. 
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Hypothetical restorations of the profiles of the ancient streams 
that deposited these gravels leads to the conclusion that in 
mid-Tertiary time (close of the Oligocene) the Rocky Mountains 
rose very little above the adjacent plains,* Their present 
prominence, their front, is due to differential erosion following 
a broad uplift of the Rocky Mountain belt without folding, but 
with decreasing amplitude toward the east. A similar explana- 
tion is given for the Rocky Mountain front in Colorado with this 
difference; that it is customary to regard the degradation of the 
Colorado Piedmont as having been accomplished in a relatively 
short time, i.e., since the youngest Pliocene deposits were made.^ 

Drainage History. — Glaciation had important effects on the 
drainage system of the Missouri Plateau. The approximate 
agreement of the Missouri in its southward course with the front 
of the later ice sheet strongly suggests cause and effect. This 
relation becomes more striking when it is observed that in its 
southward courses through the Dakotas the Missouri follows 
the contours of a plateau whose slope is east. Even now, after 
trenching more than 400 ft. deep into the plateau, the river flows 
at a level 250 ft. above that of the James, a much smaller parallel 
stream 125 miles farther cast. The difference in elevation would 
be still greater if the glacial drift were removed from the James 
Valley. 

Evidence^ indicates that the main streams coming from the 
west once continued their courses farther east where they joined 
a trunk stream leading either to Hudson Bay or to the Gulf of 
Mexico. With the ice blocking the lower courses of these 

^ Alden, Wu. C., Physiographic Dovriopinont of the Northern Great 
Plains, Gcol. Soc. Amcr. Bufl., >'d 1. 35, p. 394, 1924. 

* To what extent this difference is real, and to what extent due to different 
methods of approaching the problem, cannot now be known. There is a 
natural tendency to ask whether thm is sufficient reason for allowing so 
much more time for degrading the Missouri Plateau than the Colorado 
Piedmont. Some geologists answer in the negative by assigning Pliocene 
age to the peneplain on the Rocky Mountains in Montana as well as Colo- 
rado. Sevan (Jour. G«ol., vol XXXIII, p. 586) expressw this view and 
cites others. Alden, however, in the paper repeatedly cited, regards the 
peneplain as tu Uoat as old as Miocene. 

*ToDD, J. E., History of the Missouri River, •Science, February, 1914; 
Preliminary Report on the Geology of South Dakota, S. Dak. GeoL Survey» 
BttU. 1, pp- 9-10, 1894; Hydrographic History of South Dakota, GeoJ. Soc. 
Amer. BvU.. vol. 13, pp. 27-40, 1901; see also Chakberlajn, U. 8. GeoL 
Survey, 3d Ann. Eept 
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streams, their combined waters cou(d only fellow its edge. Thus 
the present south-dowing Missouri came into being. Just how 
far the pre-glacial Missouri followed its present course has not 
been determined.^ Nor is it known just what part the several 
ice sheets played in the change of its course, except that the new 
valley had already been excavated and partly refilled before the 
advent of the last ice sheet — the one that built the cotea us, 
Since the disappearance of the latter the trough has again been 
deepened, though not to the depth which it had at an earlier time. 

All the tributaries from the west down to and including the 
White were blocked by the ice. I>akes wore thus formed. 
Partial filling of these and the later down-cut ling of the river 
have left the valleys terraced.* 

Since the change of its course, the Missouri has cut a trough 
400 to 500 ft, deep and one to three miles wide between bluffs, 
The mouths of its tributaries have been lowered and they have 
been distinctly revived. Their valleys have thus been terraced 
and local badlands developed. The rca.son for such a rejuvena- 
tion, both of the Missouri and of its (nhutaries, is probably 
found in the last general uplift of the western region.* iSoitie 
streams of the Central lowland have cut similar young ticnchos, 
but in none of their basins was there the same combination of 
factors favorable to badlands. 

The cutting power of the Cheyenne River is exemplified by 
its captures.* Its chief northern branch is the Relle Fourche, 
which encircles the Black Hills on the north. The upper portion 
of this stream in Wyoming fiows northea.st in line with the 
Little Missouri, of which it was formerly a part (see index map, 

' Th^* limit commonly anianed is Fort .Stephenson OonR. 101^30'), where 
the river makes a sharp (nm to the south, but Leonard interpiets the valley, 
at least oa fnr south as Bismarek, os pre>gbeial; see HismArek folio IHl; aitto 
fieology of ^^uth Central North Dakota, N. Dak. Cool. Survey, Hih 
Hep*., 1912. 

* Todd, J. E., Prellminar>’ Report on the Ceolog,v of Northwestern Cent ml 

South Dakota, 8. Dak. Ceol. Survey, Bull. 4, 1908. ThiH paper Uiwussos the 
effeet of the iee in ol«tr»ietinK valleys, and aeeounls for all ^Ineial Injuldns 
WMt of the Miaaouri hy icebergs floating In the extensive Luke Arikart'e. 
For mention of individual terraces and auggestions as to their ages see 
Expbrallon of the White River Badlands in 1896, 8. Dsk. C«.l. Sun ev 
BuU. 2, 1806, by the same author. ' ' 

* For continued deepening of the treneh of the Mi»ouri, see Toin), J E 

U. 8, Geol, Survey, Bull. 158, p. ISO, 1899. ’ * 

* Darton, N. H., Aladdin folio 128, U. 8. Gool. Surve>‘, 
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Fig. 3). From this locality the east-flowing Belie I'ourche 
reaches the Missouri in 300 miles, whereas the Little Missouri 
makes a circuit of 600 miles to the same point. The higher 
gradient and more rapid down-cutting of the former enabled 
it to behead the latter. The captured head stream now turns 
at right angles to follow the Belle Fourche and, at the point 
of capture, the reinforced Belle Fourche has already entrenched 
itself 100 ft. below the abandoned channel. The Grand and 
Moreau (Owl) Rivers, north of the Cheyenne, enjoy similar 
advantages over the Little Missouri, which their headwaters 
now approach within a few miles, Future capture is possible. 
It is probable also that the main branch of the Cheyenne has 
extended itself around the Black Hills to the south by a series 
of captures.* 

The upper Missouri in north central Montana was also dis- 
placed by glaciation. From various evidences^ it is clear that 
the Missouri flowed almost directly northeast from Great Falls 
to Havre and thence eastward through the broad valley now 
occupied by the Milk River. The valley of the Milk River 
suddenly changes width at Havre from about onc-half mile to 
two, three, or even four miles. The stream meanders tortuously 
over its wide flood plain, in a valley which is much too large 
for it, and which is filled to a depth of 100 ft. or more above the 
former channel. When the ice sheet moved south to the Bearpaw 
Mountains, even rising some distance against their northern 
foothills, the Missouri River which formerly flowed at their 
northern base was comi>eUed to find another course, which it did 
by following the valley of an eastern tributary to its head, then 
cutting a new valley for the rest of the way to the present mouth 
of the Milk, where the Missouri enters its old valley- The new 
valley is little more than a gorge, at places almost 1,000 ft. deep. 

The region about Great Falls owes much of its interest to 
glacial interference with drainage. Here the ice crowded the 
river southward nearly to the High wood Mountains, compelling 
it to cut a new channel (Shonkin Sag) which it abandoned when 
the ice departed and opened a lower way for the water to escape. 
In the valley above Great Falls, the ice and later the moraine 
held back a large lake whose bed is now a nearly flat plain. 

^ Todd, J. B-, Hydrographic of South Dakota, Geol. Soc. Amer. 

Bull., vo). 13. 

» Calhoun, F. H. H., U- S. GcoI. Survey, Prof. Pop. 50, p. 3d, 1906. 
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Downstream from Great Falls^ the old pre-glacial channel was so 
filled with drift that the present river repeatedly crosses it, 
locally following the course of the old filled valley and again 
flowing through an entirely new gorge. A few miles below the 
city a drift^fiUed old channel Is intersected by the present stream. 
Here the “Giant Springs,” among the largest in the world, issue 
from the gravel, probably having entered it from the Missouri 
itself at another intersection farther upstream.^ 

The Missouri River below the city of Great FaUs, being out of 
its old channel, found its new course ungraded. It flows succes- 
sively over incoherent drift and strong rocks, the former being 
quickly cut down to grade; the latter producing falls and rapids. 
In a distance of 10 miles the total fall is 612 ft., one-third of which 
occurs in five cataracts collectively known as the “Great Falls.” 
The remainder is intervening rapids.* Calculations based on the 
minimum flow of the river indicate that 38,586 hp. might be 
developed. A part of this is at present developed and utilised 

BLACK Bn.LS 

General Description.— The Black Hills are an isolated moun- 
tain range or dome surrounded by the Missouri Plateau. Because 
of its large dimensions this mountain area is treated os a separate 
section, though it does not differ essentially from some of the 
smaller mountain groups on the Missouri Plateau nor from some 
ranges of the Rocky Mountains. 

The doming of the strata affects the surface throughout an 
elliptical area about 125 miles long and 60 miles wide, the elonga- 
tion being northwest to southeast, t.e., parallel to the Rocky 
Mountain front 100 miles away. The “Hills” now rise a little 
less than 4,000 ft. above the plains on the cast (Harney Peak, 
7,216 ft. above sea-level) but they have suffered greatly from 
erosion. Had the uplift occurred all at once and without con- 
current erosion, the dome would have risen 9,000 to 10,000 ft. 
above the plain.* 

> P(8KBR, Cassius A., GUnt Springs at Girat Falla, Monlann, 

Boo. Amor. Bull., vol. 10, 1907; the combined fk>w of (hose springs I ms been 
tnoasured as 638 sec.-ft. Geology and Water Rcaourcea of the Great Palls 
Ite^on, Montana, V. S. Geol. Survey, WaS. Sup, Pap. 221, pi. VI, 1909. 

’FisHBR, CABSioa A., U. S. Geol. Survey, Wat, Sup. Pap. 221, p. 76. 

' Darton, N. H., Geology and Water Rcaources of the Northern Portion 
of tho Black Hills, U. 8. Geol. Burvey, Pro/, Pap. 05, p. 62; Newcastle folio 107, 
Pig. 3, p. 6 Contours, on Mlnnckabta Limestone. U. H. Geol. Survey, 1904. 
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The effect of erosion has been to uncover the ancient crystalline 
rocks some-ivhat east of the center of the uplift and to expose 
the several forma lions in concentric elliptical bands, the lowest 
formation outcropping nearest the center and approximately 
at the highest altitude, and conversely, the youngest formation 
outcropping at the outer e<lge and at the lowest altitude. The 
inmeated edges of the stronger strata form prominent mono* 
clinal ridges where the dip is sleep (for the most part near the 


Fin. 2S.— r,<'n4<r(iUxr><t Uiasram of lUack Ifltle as $cfn from aoulh. In 
the etiatern half uf (Ite main ujilift all aedimentar)* rocks ha\'e been eroded tkv/ay. 
ex|>osing Kraniie and schUl in the ro^ich Ontral Unsin. The wciiorn half 
remnins ro\*crod bj* neatlj* horisontal f'orlwnifcrous limestones. The uppermost 
of these (Mlnnekahta t«trtde Umestone' is seen only althe m a rain of the plnlcay 
Icon ins ujrainst the steep eilxe of the central mass. Outside of that is the .nlmost 
con on M cm s Red Volley and beyond \l the Dakota hosbark. Four inward- 
facint eseiirpmcnts outside of the Dakota are shown in fragmentary form. 
(.V<»#on. r*. S. and C?rof. .S«rrry. Fctfarr reproduced from PirMOn and 

SchueheH'i Textbook ofQeo/ogn by iourfeey of iHe Editor.) 

circumference) and sloping plateaus where the dip is small (for 
the most part near the center). Between these are valleys on 
weak rocks. The Dakota hogback and (he “Ked \ alley ^ 
practically encircle the dome and are among the most remarkable 
examples of their kind (Fig. 28). 

Central Basin. — The stripping of the ancient crystalline rocks 
(pre-Cambrian) exposes thorn in an ellipse at least 50 miles long 
and 20 miles wide. This is an area of strong relief containing 
several peaks over 7,000 ft. high, and many rugged and forested 
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ridges. But between these ridges, especially in the western 
part, are extensive basins or '‘parks’’ of mild relief, forested in 
patches or covered by open woodland or prairie^ (Fig. 29). The 
contrast of these areas with the higher limestone plateau on the 
west (described below) has caused the entire area of crystalline 
rocks to be known os the “Central Basin.” The main divide 
is at the edge of the limestone plateau. The streams flowing 
east from this divide have entrenched themselves but little near 


their headwaters, hence the rolling park lands in the western 
part of the Central Basin remain undissocted; but os the same 
streams proceed farther, their valleys become deeper and deeper, 
80 that the eastern margin of the crystalline area is very rugged. 

Limestone Plateau,— Surrounding the ('enlral Basin is a 
zone in which strong strata capped by limestone arc preserved. 
To picture this sone properly it is necessary to remember that 
the original dome was relatively flat on top while near the edges 
the strata arc inclined, more steeply on the east than on the 

' For diMUBsion of forwt distribution and origin of the prairie**, k,.o 
H fcNKy 8, U. K (Jool. Survey, IQth Ann. Hept., pi. V, pp. (H)-kO, 


Ho. 20.— Tyrijcal lnu(lBco|i^ on th^ cry«Ullm« rock* of lii<* CVnirtil \hmn 
of tlw ijlack Hill*. In n former crowon cycle chU area w«a mluccil (o nioderulo 
fvliof with wide park-like vallpy a (fopcyround) and residual liilJa and mouiUaina 
of which the Harney Peak Ranie (beckjcround) ia the largest. The forest on 
<00 lower ridge (middle ground) m eharacterktlc. (Osrton. U. H. Orot. Sunru ) 
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west. Furthermore, the denuded crystalline area is near the 
eastern side. Hence, on that side the strata being much inclined 
are exposed in narrow belts. On the other side is a broad belt 
in which the beds dip gently westward, forming an inclined 
limestone plateau, its outer margin only being covered by sand- 
stone. The eastern edge of this plateau is a prominent escarp* 
ment, at places 800 ft. high, overlooking (he Central Basin and. 
of course, retreating westward. Its summit is the main divide. 
For some distance west of the divide the plateau is young; its 
streams are entrenched little or not at all in wide, park- 
like valle}^, the general level over broad areas approaching 
7,000 ft., or nearly that of Harney Peak. Farther west, with 
increased sise and on a steeper slope, the streams cut canyons 
400 to 600 ft. deep. 

The narrow limestone cuesta on the east corresponding to the 
broad limestone plateau on the west is, like the adjacent parts 
of the crystalline area, deeply cut by the streams which head 
against the western escarpment. 

The outer edge of this limestone ellipse is marked almost 
throughout by a hogback of the Minnekahta limestone, formerly 
called "purple limestone."^ This resistant formation is one of 
the most important topographic factors In the Black Hills. 
Beneath it are red sandstone and shale which cover the outer 
and lower margin of the limestone plateau. The wasting of 
these weak beds saps the "purple limestone" and preserves the 
steepness of its iofacing escarpment, generally about 50 ft. in 
height. This limestone stratum dips steeply toward the Red 
Valley, in many places loo steeply to permit soil to accumulate. 

Red Valley. — As a typical and Impressive subsequent valley, 
the Red Valley has few equals. It is carved from the soft shales 
of the Spearfish formation whose redness gives color to the whole 
landscape. Forests are absent. The width ranges from one- 
fourth mile to six miles, but is generally not much more or lew 
than two miles. Its inner side, several hundred feet high, is 
the dip slope of the purple limestone hogback just described. 
Its outer side, also several hundred feet high, is the gray scarp 
of the Dakota hogback. Throughout most of its length the 
Red Valley is not occupied by streams. Streams from the central 

' Damon, N. H-, U. S- Geol. Survey, Ann. RepL. pt. IV, sU 
Black Hills falloa; see also Jaggab, T. A., Economic Hesoui^ of the 
Northern Black Hills, U. S. Geol. Survey, Prof. Pap. 26, p. 16, 1904. 
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highland cross ridges and valleys alike. Some short intermittent 
tributaries follow the valley to join the transverse rivers, but 
between their heads the valley is almost as low and smooth as 
where streams are present. The Indians called this valley the 
'*race course” for evident reasons.' 

On the northwestern side of the dome, where the beds are 
nearly horizontal and the valley is widest, occasional remnants 
of gypsum interbedded with the shale have preserved steep- 
sided buttes, the gypsum now appearing as a white cap on top 
of a brick-red butte.* 

Dakota Hogback. — The ridge made by the strong Dakota^ 
sandstone generally rises 300 to 600 ft. above the adjacent plain, 
though exceptional points like Mt. Pisgah (6,350 ft.) on the west 
aide are much higher. Where the dip is steep, as on the east 
side, the ridge is a narrow hogback, sleep on both sides. At 
the ends of the dome, and locally on the west side, the dip is 
gentle and the ridge becomes an outward-sloping plateau, at 
places 10 miles wide, generally dissected 300 to 400 ft. deep. 

At the northwest end of the main uplift is a smaller one from 
which all formations above the Dakota have been stripped. The 
headwaters of the Belle Fourche River cross this uplift in a valley 
1,000 ft. deep, cutting far below the strong sandstone into the 
bright-colored shale which underlies the Red Valley. For some 
miles from the stream the plateau is maturely dissected and the 
surface is very rugged. 

The topography of the Dakota sandstone, whether hogback 
or sloping dissected plateau, is so characterbtic of the margin 
of the Black Hills that the conventional boundary of (his section 
is made to follow the line where this formation passes beneath the 
shale that underlies the surrounding plains. 

Cuestas in the Surrounding Plains. — Passing outward from 
the limit of the Black Hills as here defined, the rocks of the 
plains are, for some miles, gently inclined. Although generally 
so weak that they have been reduced to rolling plains, these rocks 

•ToDP, J. B., Prelim mary Report on the Geology of South Dakota, 
S. Dak. Geol. Survey, Bull. 1, p. S, 1994. 

• For an illustration in color see Dabtom, U. S. Geol. Survey, 2l«t Ann. 
Rtpl., pt. IV, pi. LXXII, 1900. 

‘The term “Dakota" is properly limited to the uppermost 100 ft. (Upper 
Crotaccoua) of this sandstone. The remaining 200 or 300 ft. (Lower Creta- 
euouB) is properly called the l^koU sandstone: sec Darton at d 
520, 1000. * ” 
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contain a few strong strata, either limestone or sandstone, which 
make inward-facing escarpments 50 to 2CN) ft. high.^ In a few 
cases such escarpments, though lying beyond the conventional 
limits of the Black Hills, help to give the drainage of this section 
its peculiar pattern (page 85). 

Volcanic Mountains. — The northern part of the section 
has a number of hills or small mountains due to volcanic intrusion 
and commonly classed as laccoliths.^ Their locations are seen 
on the geological map.’ All are roughly circular and range in 
diameter from a fraction of a mile to 8 or 10 miles. In degree of 
erosion they vary from the bare beginning made on Green Moun- 
tain (Little Sundance) to the old age of Mato Tepee or DeviPs 
Tower. The former is a small, almost conical mountain in the 
Red Valley, from whose summit the topmost strata are stripped, 
but the plug of igneous rock is not yet revealed. Mato leocc, 
at the northwest end of the uplift, is what is left of an ancient 
lava intrusion, either in the form of a laccolith or possibly filling 
the conduit or throat of a former volcano.^ This imposing butte 
is 626 ft. high and consists of vertical angular columns generally 
8 to 10 ft. in diameter. Its structure shows it to be a small 
remnant of a much greater mass. 

Physiographic History.’ — Before the Black Hills dome was 
uplifted, all the formations named above as outcropping within 
its limits probably covered the whole area. The raising of an 

' On the west tide U the Oreenhom (limestone) cuetU about 50 ft. high 
and I to S miles from the Dakota. This a succeeded at a distance of 2 to 10 
^at places, 20) miles by the Niobrara Oimestone) cueata, and this in turn by 
the To Nh ills (sandstone) cuesta 50 to 200 ft. high, and this by the Laramie 
(sandstone) cuesta, see U. 8. Geol, Survey, folios 107, 127, 128, and 160. 

* RyssELL, 1. C,, /ear. Otcl., vol. IV, pp. 24-42, points out that In most 
cases the lava rose more like a plug without spreading between strata. This 
paper describes all the features due to igneous intrusion la the northern end 
of the Black Kills dome. 

* Excellent general maps showing the geology of the Black Hills are found 
in U. S. Geol. Survey, HUt Ann. flap!., pt, IV (southern half), and Prof. 
Pap. 66 (northern half). See also U. 8- Geol. Survey, 21e< Ann. Rept., pt. 
IV, pi, LIX, for entire area. A convenient small-scale map showing the 
relation of the Black Hills to the Great Plains is pi. XXXV in Prof. Pop. 32. 

•The former interpretation is accepted by N. H- Darton, V. 8. Geol. 
Survey, folio 150. llie latter is suggested by D- W. Johnson, Volcamc 
Necks of the Mount Taylor Region, New Mexico, Geol. Soc. Amer. BalL, 
vol. 18, p. 319, 1907 

k Darton, N. H-, DevO’s Tower folk) 160, p. 8, gives a summary of eventt 
in the recent geologic history of the Black Hills region. 
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unsymmetrical dome with iU apex east of the center no doubt 
gave rise to radiating streams, those flowing west being longer 
and having less fall than those flowing east. Now the relative 
lengths are reversed. The side with the steepest and most 
active streams was first denuded of its sedimentary rocks. The 
crystalline rocks beneath wasted more rapidly than the sediments 
which remained in the limestone plateau. Thus the divide 
between easUflowing and wesUflowing streams was shifted west- 
ward with the retreating scarp of the plateau. At the same time, 
subsequent streams were gradually carving valleys around the 
entire circumference and developing the monoclinal ridges and 
valleys. Partly by headward growth and partly by capture 
(page 78) the tributaries of the Belle Fourche River now prac- 
tically surround the dome. 

When much of this erosion had already been accomplished, 
the region was partly covered by the lacustrine and fluviutilo 
sediments which now make the Big Badlands. Some stream 
courses may well have been superimposed on this formation. 
Its remnants are still found on the floor of the Red Valley on tho 
east. Other remnants lie several thousand feet above the level 
of the same geologic horizon in the Badlands, thus showing 
that the dome has since been uplifted by that amount.^ It 
follows that the main erosion features were carved when the 
dome stood much lower than now above the surrounding plain. 
To tho extent that outflowing streams were rejuvenated by 
level uplift they incised their valleys first on the steep flanks. 
The effect of such rejuvenation is progressing upstream but 
has not yet reached the upper courses. It is not surprising then 
to find the streams in young valleys in their middle courses, 
while their headwaters occupy old and shallow valleys which 
have not yet experienced the rejuvenation. 

When the eastern part of the Missouri Plateau lay near its 
base level just before the last general uplift, the Black Hills 
had almost their present relative elevation. Streams were 
cutting in the dome, but around its edges they wandered over 
the plain in intricate meanders planing off the low hills by 
lateral corrasion, and covering their broad flood plains with 
gravel Extensive tracts of such gravel-covered plains remain 
Q8 terraces at the south end of the dome.^ 

' N, H., U. H. Qecl Runrey, 2UtAnn. Hept., pt. IV, p. 658, lOOO. 

' Edgemont folio 108. Early Quaternary 8edimcnta. 
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With the last general uplift (probably Pleistocene) down- 
cutting was revived and the streams with their involved meanders 
were entrenched. This phenomenon is extremely common in 
the eastern part of the Missouri Plateau. Where the new trench 
was in soft shale it was soon w'ideoed by planing off the spurs. 
Streams so situated are again meandering on flood plains between 
widely separated bluffs. This is the case with Beaver Creek and 
the Cheyenne Tiver on the soft Benton shale west of the dome. 
But east of Cdgemont, the C heyenne River cuts across the south 
end of the dome and here it is entrenched in the strong Dakota 
sandstone. Here the trench is 400 ft. deep, and the meanders, 
adopted when the stream flowed at the upper level, are preserved 
almost intact in a gorge at places not much wider than the stream. 

RESOURCES OP THE GREAT PLAINS 

Mineral Resources. — This province has few minerals of great 
commercial importance. Bituminous coal and lignite are far 
the most important. These are widespread and abundant io 
the Missouri Plateau, the Colorado Piedmont, and the Raton 
section. The coking coals of the last arc especially valuable. 
They make possible a considerable iron and steel industry. 
Wyoming’s great output of petroleum comes chiefly from the 
High Plains not far from the Rocky Mountain front. Most of 
the remainder comes from the Bighorn Basin which for conven- 
ience is included in the Rocky Mountains, though in reality 
it is a semi-detached lobe of the Great Plains. 

Building materials for local use are abundant but none are 
shipped extensively unless it be cement, suitable materials for 
which are widely distributed.* The industry is already impor- 
tant in the Arkansas Valley within the Colorado Piedmont. 
There are extensive beds of fuller’s earth in the Badlands of 
South Dakota, and a large amount of gypsum both in the foot- 
hills of the Black HUls and in the same formation underlying 
the southern High Plains and outcropping on both sid^.* 
Immense quantities of salt are known to exist beneath the High 
Plains and Edwards Plateau and Pecos Basin. Aasociated with 
this are potash salts in commercial quantities. These are being 
worked in t he Pecos Basin, bu t not extensively . The produ c tion 
of potash during the World War from the brine lakes in the 

' U. S. G«ol- Survey, Pr<if. Pap. 32, pi. LXX. 

« U. S. Gcoi. Survey, Bull 223, 1904. 
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Sand-hill district of Nebraska has already been mentioned 
(page 19, footnote). 

In the ancient rocks exposed in local mountain uplifts the 
precious metals are found. Gold mining in the Black Hills is 
important. 

Water. — The aridity of the climate, except on the eastern 
margin, makes ground water very important. In the distribu- 
tion of this, three classes must be considered: (a) in the underlying 
strata of bedrock, (6) in the fiuviatile mantle of the uplands, and 
(c) in the alluvium of the valleys. The chief artesian water- 
bearing stratum of the underlying rocks is the Dakota sandstone 
which outcrops in the foothills of the Rocky Mountains, and of 
the local uplifts, especially the Black Hills. It is not to be 
understood that artesian water can be obtained from the Dakota 
sandstone throughout its whole extent. Where the stratum is 
autheientiy porous and properly exposed in the foothills to receive 
water, it may still dip so steeply under the plains that only within 
a narrow belt near the mountains can it be reached by wells 
of practicable depth. Around the Block Hills this belt is perhaps 
10 to 15 miles wide/ but even within this belt the water does not 
rise to the surface everywhere. Along the Rocky Mountain 
front the dip of the Dakota sandstone is very steep and the belt 
within which It can be reached by wells is very narrow. Fre- 
quently the pressure or '^head*' is sufficient to raise the water 
above the surface of valleys while insufficient to raise it to the 
surface of the uplands. Thus flowing wells are possible in many 
valleys of the Arkansas and Platte systems, although impossible 
on the divides.^ 

Many abundantly flowing wells in the Roswell artesian 
basin in the central pari of the Pecos Valley derive their water 
from porous strata which outcrop at high levels on the west. 
This is probably the chief artesian basin of the province. 

Beyond the limits of flowing wells, the waters of deep-lying 
beds may rise in wells partway to the surface, provided the beds 
are under a watertight cover. Where no such cover is present, 
the water may descend directly from the surface to the rocks 
below and be pumped again from them. This is common on 
the Edwards Plateau, where many wells are drilled into the 
porous or cavernous limestone. 

^ U. 8. Geol. Survey, folios 107, l$4, and othere. 

• U. 8. Geol. 8urvo>', folios 36, 135, and ©there. 
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In tho mande rock on the High Plains (see page 12), the 
water table may be 100 ft. or more below the upland level.* 
The lower bands or sheets of gravel carry water, but wells encoun- 
ter these bands at diverse depths. The intervening and over- 
lying silts are relatively dense. Where these beds of alternating 
character are locally depressed forming a structural basin, the 
conditions for artesian pressure are present.* The downward 
flexing of beds so deep as to bring the surface of the ground 
below the surrounding water table causes an upward pressure 
of the ground water against an impervious bed, very much as 
water presses upward against the bottom of a boat. When 
wells are drilled in such a valley, water rises through them just 
as it rises through a hole in a boat. This condition produces an 
important type of artesian basin in the High Plains, of which the 
Meade Basin in southwestern Kansas is the best-known example. 
Its area is approximately 20 square mUes, within which there 
were at one time more than 200 flowing wells.* 

The Great Plains are the peculiar domain of the windmill 
in the United States. This is partly because of favorable climatic 
conditions,^ partly on account of the need of water for irrigation, 
and in large part because of the lack of constant streams to supply 
water for stock. 

Soils. — The general character of the residual soils may be 
inferred from the physiographic descriptions. They are generally 
good where the topography is suited to agriculture. Ad excep- 
tion might be made of the soil on much of the Benton and Pierre 
shales wherever they outcrop, from the Missouri Plateau* to the 
Raton section. The purely residual soils of this province are, 
however, of minor interest. 

The soils over a large part of the Great Plains are in part 
eolian and hence not to be correlated rigidly with the under- 
lying rocks. The loess of Nebraska and adjacent states has been 
mentioned (page 21), but far beyond the limits of this as shown 
on the map,* broad areas are covered with a surficial sheet which 
has an admixture of wind-blown material, as is to be expected in 

^ Johnson, W. D., U. a G«ol. Survey, Ann. lUpl., pt. IV. 

•Johnson, W. D., loc. at- p. 701, 1900. 


• Johnson, W. D., loc. cH, p. 728. .j tu ^ 

• FoLLBR, P- E,, The Use of Windmills in Irrigation jd the Semjsnd west, 

XJ S. Dept. Agr., ParmerY BulL 395, 1910. 

• DarTON, N. H., U. a Ceol- Survey, 2\H Ann, Rept., pt. TV, p. 580, 1900. 

• U. S. Geol. Survey, Prof. Pop. 32, pi. XLIV. 



GREAT RLAIS'S PROViM'E 

&Q arid cllioate where the wind ia a transporting and assorting 
agent. Such areas (of undetermined limits) occur from the 
Missouri on the east to northern Montana* and the Colorado 
Piedmont. 

Over most of the province the practical interest in purely 
residual soils is still further reduced by the fact that the chief 
type of agriculture is by irrigation and is therefore limited to 
the flood plains and terraces or bench lands” along streams. 
The soils on these are alluvial and generally fertile. 

The soils of the arid lands are, when watered, generally more 
fertile than those of humid lands under otherwise similar con- 
ditions. This is due to the fact that soluble constituents neccs* 
sary to the growth of plants are less leached out. To balance 
this they may be deficient in humus, but so far at least as this 
province is concerned, the balance is greatly in favor of the arid 
soils when water is applied. 

Kative Vegetation. — This province is characteristically ont 
of grasslands, but trees generally appear where the altitude and 
rainfall (or ground moisture) are exceptional. Most steep slopes 
above 4,500 ft. in the east (Black Hills) or above 6,000 ft, in 
the west have at least scattered trees. In the northern part the 
trees at this level are pines; but Id the southern part, where 
pines begin 1,500 to 2,000 ft. higher, pinyon and juniper take 
their place at the level named. This lower limit of trees is 
often spoken of as "dry timber line,” but it must not be assumed 
that trees occupy all higher surfaces. Of steep slopes this would 
be more or less true, but fiat plains may be grasslands up to 
3,000 or 2,000 ft. higher. 

In the southwestern part of the province, and to a less degree 
farther north, typical desert plants, cactus, yucca, acacia, etc., 
mingle with the grasses and are common.* The Raton section 
is a region of transition between this desert landscape and the 
pure grasslands to the north and east. 

Grixlng.^This province was formerly almost wholly de voted 
to grazing and it still continues to be the leading grazing region 
of the United States. Almost invariably the public range has 
been overgrazed. There are areas in central Texas where 300 
to 600 cattle might once have grazed on a square mile which 

» Ft. BcDton folk) 66, U. 8. G«l. Survey. 

»8HaEvx, Forrmt, A Map of tbe Vegetation of the United Sutee 
Oeopr. vol 111, pp. 110-126, 1017. ' 
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will now barely support 50.* The damage in many cases is 
temporary and would be repaired by a period of rest. In other 
places the loss of the sod cover has caused gullying and loss of 
soil. In central Texas and the Edwards Plateau H appears that 
the grass, while able to hold the ground against bushes and 
cactus so long as undisturbed, is not able to win it again in 
competition with these when the ground is left bare and open to 
contest. Here overgrazing has resulted in a great displacement 
of grass by less valuable vegetation. 

Throughout the Great Plains the vigor of the grass varies 
greatly with the rainfall from year to year. In exceptional 
years the Sand-hill district of Nebraska is a vast rich pasture. 
It is in the very dry years, and especially after a scries of such, 
that the topographic function of vegetation is endangered. At 
such times a former prairie may be converted into an area of 
shifting dunes, or a sodded upland into badlands. 

Agriculture.^ — East of the Great Plains province, farming is 
of the ordinary eastern type, generally both as to methods used 
and as to the crops rais^. The western limit of such farming 
is, of course, not sharp and varies from year to year with varying 
rainfall. There is no part of the Great Plains which has not its 
exceptional years with rain enough for crops. Farming in the 
Great Plains province was formerly limited almost entirely to 
irrigated districts which are relatively narrow belts along the 
larger streams. Such fanning is a complex business, involving 
cooperation and large expenditures of money. The returns per 
acre are also generally much greater and the price of good irri- 
gated land is correspondingly high. 

Water for irrigation from wells is very limited and the amount 
of land thus irrigated must always remain a very small fraction 
of the whole. Garden, Kansas,* has many such wells, but 
these derive their water from the underflow of the Arkansas 
River, hence their success has no bearing on the problem of 
agriculture between streams. In the Roswell Basin of the 
Valley (page 49), most of the artesian water which is not wasted, 

‘Bbntlby, H. L., Cattle Raises of the Southwert, U. 8. Dept, 
Pormer*' BuU. 42, p. 7, 1898- At the present time 50 seems a very bbersl 

estiioate. . 

1 See series of nine maps issued by the U. 8. Geol. Survey, ahowjug the 
Land Classification of the Central and Northern Croat Plains. 

* FuLtfiF, P. E., The Use of WindmUls in Irrigation m the Semi-anu 
West, U. 8. Dept. Agr., Formers’ Fail. 394, 1910. 
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is used for irrigating fruit and other valuable crops. For irriga- 
tion from ground water this is one of the leading districts of the 
United States. Also in the Meade *BasiD {page 88) artesian 
water is much used Id irrigation. The number of undeveloped 
basins of this character is unknown, but their combined area 
is in any case a small fraction of the whole. So far as can be 
seen into the future, the main function of the well and the wind- 
mill must be to furnish water for stock and household, and 
perhaps to irrigate a few acres of garden out of the hundreds of 
acres employed in dry farming or as a cattle ranch. ‘ In recent 
years there has been a great westward expansion of dry farming, 
80 that at least the eastern margin of (he High Plains is now 
devoted to agriculture. In the northern part of the province 
where the rainfall is no greater but evaporation is less, almost 
the entire area is occupied by farms allhough not all farm lands 
are cultivated. Cattle raising continues to be important. 

Successful agriculture between streams in the western part 
of the High Plains and west of them to the Uocky Mountains, 
is largely limited to certain d rough Urcsisling plants. These 
are all fodder crops which grow and mature with a small amount 
of moisture. Such forming, like the gardens mentioned above, 
is subsidiary to the cattle industry.* 

Transportation. — Despite the lack of obstacles to travel 
in almost any direction, most of the railroads follow streams. 
This is partly because of (he more uniform grade. The general 
straightness of (he streams and the presence of terraces above 
flood level make these routes feasible. Moreover, (he resources 
named above lie mainly near the larger streams. But those who 
cross the Plains should remember that, in so far as they are 
following the larger streams, the strip of country which they 
see 18 not typical of the Great Plains. They see mainly flood 
plain and “bench lands, in large part irrigated. Only large 
niock trams and cattle pens along the way suggest the vast 

thinly populated, and but little-farmed areas between the favored 
valleys. 


T'k discusicd by W. D. Johnson, The High Plains and 

Their Utilisation, U. B. GcoJ. Survey, 2Ut Ann. Hept., pt. IV 1900 

For (arming without irrigation, wc*l of tlir iOOth mrridian see Aari- 

n® of 'he (irrat Pllf.ia, 

*■ A. Warran, U. 8. Dept, Agr., Bur. Plant Industry, BuU. 2IS, lOJi. 
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SOUTHERN ROCKY MOUNTAIN PROVINCE 

RELATION TO OTHER PROVINCES 

One of the major divisions of the United States is the great 
barrier of mountains between the Great Plains on the east and 
the Colorado Plateau, Great Basin, and Columbia Plateau on 
the west. The entire area is called the "Rocky Mountain 
System." It is not all mountains but its mountainous and 
non-mountainous parts are so related that, even in their descrip* 
tion and much more in their history, it is necessary to consider 
them as parts of a larger whole. 

Of the four provinces in this division the Wyoming Basin, 
which lies between the Southern and the Middle Rocky Mountain 
provinces, is a plateau country merging by narrow passages 
with the Great Plains on the east and the Colorado Plateau 
on the south. Thus the mountains of the Southern province 
are not strictly contiguous with those of the other provinces 
though certain low anticlines are continuous across the gaps 
and low isolated mountiuns stand on the plateau in central 
Wyoming where the belt of deformation crosses. The Middle 
Rocky Mountain province is connected with the Northern 
province only by a single range on the northern border of Yellow- 
stone Park. The park itself is a volcanic plateau. For good 
reasons it is included in the Rocky Mountain provinces, but, 
were the lava filling removed, the mountain system would be 
almost severed at this place by a broad and deep transverse 
depression, The headwaters of the Yellowstone and Madison 
Rivers approximately mark the boundary between the mountain 
provinces. 

There is also a difference in character between the Southern 
and Middle Rocky Mountain provinces, on the one hand, and 
the Northern on the other. The ranges of the former are, for the 
most part, linear features, the main crests being on structural 
uplifts generally flanked by outward-dipping strata making 
hogback foothills. In the Northern province such division into 
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orographic unita is almost wholly wanting. Most of the larger 
mountain masses are not linear and they have neither axial crest 
nor monociinal foothills. They are more like extensive plateaus r 
deeply and ruggedly carved by erosion. 

GENERAL DESCRIPTION 

Structure. — The Southern Rocky Mountain province consists 
mainly of broad^ elevated, north-south strips of granite^ generally 
flanked by steeply dipping sedimentarics (see index map, Fig. 
30 and geologic map, Fig. 31). Usually these latter are lower, 
commonly making foothills, but locally (hey cap the mountains. 
Generally also, the surface of the graDiie is mountainous, but 
not everywhere. In South Park, Colorado, it is a plateau 10,000 
ft. high. Some of the granite mountains stand above this 
plateau, others are carved from it by deep erosion. Some of 
the mountains, notably (he San Juan in southwestern Colorado, 
consist almost wholly of volcanic ejecta. 

Structurally these belts are great anticlines deeply eroded. 
Apparently the flanking strata were once continuous across 
the crest.’ Many thousand feet of rock may have been eroded 
away, though it is not to be assumed that the arch ever rose so 
high as might be inferred from the sleep dips in (he foothills. 
No doubt the dips flattened over ihe summit as they do now in 
the Uinta, Bighorn, and other ranges whoso sedimentary covers 
remain.’ The great lateral monoclines whose (ops are seen in 
the foothills descend far beneath the plains. The granite sur- 
face in the mountains may be throe to four miles above the buried 
granite under the plains. The total uplift is the result of repeated 
rising. 

* Not all oi these rocks arc m]|y praoife, but tl»at is the characteristic 
rock. Petrographic accuracy ia not here important. In this and similar 
cases the use of the term granite for pre-Cambnan cr>’9ta]linc rocks is mo 
common and so convenient (hat it is employed here with a mixture of 
defense aii<i protest. 

* This is the conclusion of Willis T. Lee, U. 8. Geol. fkirvcy, Pro/. Pap. 
05, pp. 27-68, 1916, after studying the Acid evidence and the history of tho 
discussion on this question; sec also Rakho¥k, F. L., Problems of American 
Geology; and Black welder, E., Cenosoic History of (he Larnmic Uegion, 
Wyoming, J<nir. Coot., vol. XVIT, p. 430, 1009. 

* This is a common assumption. The extent to which these Vinta atnic- 
turca wort', produced by lateral c»»mprewion on llieone hand, or by vertical 
up-tli rusting on the other, has been debated from the time of Dutloii and 
Emmona down to (be present. 
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Monoclinal foothilla &re ftimost as characteristic of these moun- 
tains as are granite cores (Fig. 32). A single formation, the 
strong Dakota sandstone, makes an imposing hogback which 
attends more than half of the total mountain frontage in this 
province. Only second in extent, and even more impressive 
because of its color, is the very thick and resistant Carboniferous 
red sandstone belonging to what is popularly called ''the red- 
beds.*' Younger Cretaceous strata make local hogbacks and 
even the older Tertiary beds, outcropping farther from the 
mountains, are sometimes turned up slightly. Locally, these 
younger beds cover the truncated edges of all older sediment aries, 
forming gently inclined planes connecting the Great Plains and 
the granite plateau. On such an incline west of Cheyenne, 



Fto. cro«»-«*ctjoii of foothills near Bould«r. Colorado. 

Fxo«pt for detaiU duo to fauliinf thia aoction ia fairiy rtprvaentative of tho 
mountain border fer hunctreda of mitra. The sreat ridtO’inakmg formationa 
arc the Pounlam «re<l nndetone) of CaH>onifereuc ace and the Dakota eandetono 
of the Crotaeoouf. (f^ S. (7«of. ^urerir.) 


Wyoming, the Union Pacific Railroad ascends the mountain 
side on a moderate grade. 

Peneplains on the Granite. — In all parts of this province 
extensive areas may be found in which the mountain tops rise 
to an almost uni form level (Fig. 33). In many cases the summits 
are still broad and the relief is obviously due to the carving of a 
surface of small relief. Such landscapes merge, on the one hand, 
into undissccted uplands of the same height as the mountain 
tops but of no great relief and, on the other hand, into sharp 
mountains which rise no higher but among whose crests there is 
no common level. Some of the ni^edest mountain areas do not 
rise above this plateau level and are plainly carved from it. 
Other ranges or groups of mountains rise several thousand feet 
above the common level and are plainly what is left of an older 
generation of mountains. The widespread common level is 
obviously a peneplain. 
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Generally it will be found that the level of peneplain remnants 
or of accordant crests is lower near the foothills and rises gradu- 
ally toward the interior. At places, both north and south of 
Denver, the upland level begins with an altitude of less tl\an 
8,000 ft. but may be traced continuously westward to an altitude 
of more than 10,000 ft. It is obvious that when the peneplain 
was uplifted it was also mildly arched along a north-south axis. 



S3.— Viow we»twftr(l over the younner pene|)1"in to the ContinentiU 
Divide in Int. 40* near Doulder, Colondo. The view U taken from Green 
Mountain, an eseoptignal eminenee in (ho foothille. In the ]2 miles between 
thia point and the reaidual range aeon in the diataneo (he level of the ridge errata 
riaca 2,000 ft., i.e., from 7.(100 ft. to 0.000 ft. Thia peneplain la now diaaeeted 
by valleya having a (nazimum depth of 1.000 ft. I'Im rock ia granite and thia 
Inlt la alwaya eonaidered to belong to the nounlaba. (FAoto 6i/ J. Raumond 
Bncktii.) 


Allowance must also be made for unequal uplift along the axis 
itself. When all auch allowance has been made, there remain 
discrepancies in altitude which seem to require that certain 
higher levels in some localities be ascribed to an older peneplain 
not wholly destroyed In the making of the newer. 

The newer and more widespread surface is commonly called 
the Rocky Mountain peneplain. It is plainly inappropriate 
to limit this name to any one peneplain since two have now been 
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recognized in the Rocky Mountains and others may yet be 
found. The surface thus designated is called here the "South 
Park” peneplain. The older and higher one was named by Lee 
the " Flattop ” peneplain,' from the name of a mountain on which 
it is preserved.* 

Peaks and Ridges. — Forty-six mountain peaks in Colorado 
rise above 14,000 ft., and three hundred more to 13,000 ft., but 
none to 14,500 ft.* They are the culminating points of residual 
ridges surmounting the South Park peneplain but collectively 
these higher ridges occupy only a minor part of the area. Most 
of them rise 500 to 2,500 ft. a^ve the surrounding level. Pikes 
Peak is exceptional in its relative altitude, rising as it does to 
14,147 ft. above a rolling upland which is here but little above 
9,000 ft.* Yet this same upland, a dosen miles to the north, is 
itself dissected into mountains called the Rampart Range, their 
summits being at the same height as the base of Pikes Peak. 

Some of these higher mountains have rounded tops with 
only moderate summit slopes, such as occur on old mountains 
much subdued (Fig. 43, page 112). Such summit forma may 
give way abruptly to the oversleepened, often nearly vertical 
slopes of glacial troughs and cirques. Most of the higher peaks 
and ridges are thus sculptured by ice (Fig. 42, page 109). On 
some crests ice work has been carried so far as to obliterate the 
former erosion topography, leaving only aretes and peaks of the 
Matterhorn type between broadened cirques and overdeepened 
valleys.* 


FRONT RANGES 

The name Colorado Front Range is applied to the mountains 
between the Arkansas River on the south and the Cache la Poudre 
River near the Wyoming boundary. North of the Cache 
la Poudre a narrow granite belt extends 150 miles farther under 

> LcB, WcLUs T.. Peneplains of th« Front Range at Rocky MounUm 
National Park, Colorado. V. S. G«ol- Survey. BuiL 730, 1922. 

* C/. CkaMbsrlin, R. T„ The Building ot the Colorado Rockies, Jour. 

atd., vol. XXVIl, pp. 158-162, 1919. - t> i- 

»PubUcationa of the Colorado Mountain Qub; "The MounUm Peaks o 
Colorado," 1923; and "Fourteen Thousand Feet,” 1025. 

* r>ee U. S. Ceol. Surve>*, folios 198 and 203, illustrations. 

* Davis, W. M., The Colormdo Front Range, Assoc. Amer. Ceogx- Ann., 
vol. I. pp. 48-50. 53-64. J91I. 
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the name of Laramie Mountains. South of the Arkansas River 
the front is offset to the west and foUoivs the Wet Mountains. 
All these are in the easternmost granite belt and are included 
in this discussion of the Front Ranges. 

Local Deschiptions 

Laramie Range.- -No considerable part of the I^jramio Range 
rises above (he peneplain. This is to 9,000 ft. high near 



Kia. 34. —Foothills of the Rocky Mountnin Front itanre north of ]tciiil<U*ri 
(*o1or«do, looking north. The 1o«rcr memlicre of tlie upturned l>rd» nrc atronu 
and make tho moiiorlinst H<lKe or hofftmek at the loft. The u|j|>er l•o<U uro wcuk 
and Uavo l)e«n planed off by croduA. Thia moritin of the C'olorado Pic<linont 
•eotion of tlie Great Plaina haa heon out down many hundrede of feel tince tho 
Iwt Uocky Mountain peneplain wna uplifted. Ifeforo down-outtlns it waa a 
purt of the High Plaiiia and approximately at the level of (he peneplain in the 
mountain area. 


tho (^ache la Poudre River where (he name “Laramie'" takes the 
place of “('dorado Front Range" in local usage. Flevations 
1,000 ft. above the peneplain are exceptional. Moreover, the 
peneplain is not only well developed but well preserved, large 
tracts being still uneroded. Going north into Wyoming, the 
altitude declines. Where crossed by the Union Pacific Railroad 
between ('heyenne and Laramie, it is a nearly level upland 8,000 
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ft- high or l,o00 ft. above the adjacent plains.' Here it is known 
as the Sherman peneplain. At one point the degrad ational 
plain on the granite axis merges into the Tertiary plain of the 
Great Plains, giving some idea of what the whole mountain 
front was like at a recent geological date. At such a place the 
traveler may fail to apprehend the real mountain range, since 
the only mountains^* he sees are the isolated monadnocks, 
the highest of which are the Sherman Mountains rising 1,000 
ft. above the general level. 

Some of the sedimentary rocks have resisted erosion better 
than the granite and now underlie the highest uplands. In the 
eastern foothills these rocks are crossed in almost impassable 
gorges by streams which flow over the central upland in wide, 
shallow valleys. Plainly rejuvenation ia going on and has not 
yet reached the upper courses of these streams.’ 

Medicine Bow I^ge. — A little south of lat. 40^30^ the Front 
Range divides into two ranges, the Laramie Range trending 
almost due north and Medicine Bow trending northwest and 
terminating about 50 miles north of the Wyoming state line. 
Between the two ia the Laramie Basin (page 141). In Wyoming 
the Medicine Bow Range has the appearance of a maturely 
dissected plateau about 10,000 ft. high, surmounted by cirque- 
carved alpine mountains locally called the "Snowy Range/’ 
The range has here a steep eastward front interpreted as a fault- 


line scarp.’ 

Farther south the range is less high, a “rounded forested 
ridge,"* but its southern end is rugged and alpine like the main 
Front Range further south. Its local name, “Sawtooth Range," 
suggests its character. Many peaks have altitudes of between 
12,000 and 13,000 ft. 

I For deseriptbn and ducuamn we Darton, N. H., U- S. GooI. Survey, 
folio 173, 1910j al» Blackweldbr, E., Cenotoic History of the laramic 
Region, Wyoming, /o«r. Gtd.j vol. XVII, 1909. 

* Black WELDER, Uk. ctt., p. 438, ascribes thew shallow valle^'* 
upland to a later cycle than the one in which the peneplain was made but 
preceding the uplift with which the ** canyon cycle'’ began. 

* Black WELDER, E-, be. oil., p. 440, suggests that the peneplain repre- 

seated by the summits of the Medicine Bow Range may be of Eocene 
age since it is distinctly higher than certain nearby remnants which are 
interpreted as being of the same age as the Sherman peneplain of the 
Laramie Range. . 

^ Beexly, a. L., Geology and Coal Resources of North Pari:, Colorado. 
0. 8. Geol. Survey. Ball. 596, p. 12, 1915. 
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Boulder District. — Beginning at the north fork of the C'ache 
la Poudre River and extending many miles to the south, a lofty 
alpine ridge surmounts the well'^Jeveloped but now dissected 
South Park peneplain, lying generally near the western border 
of the granite belt' (Fig. 33). Among its notable peaks are 
Hagucs Peak (13,832 ft.), Longs Peak (14.255ft.), and Arapahoe 
Peak (13,520 ft.). 



Fig, as,— Flftttop pwicplftln. I.ookins •ouChciut to Loom Peak, a monailnock 
m4il« ruKKP'l by rwnt prMion. Tlw in (bis picture U ihc •unimit 

of Jaallop Mountain, thia bdng iHe locality fri.m which lUo older ncncnlnin 
tnket Ub namo. (PAoto hy A. T. Chamberiin.) 


Throughout this distance the level of the peneplain is generally 
discernible at altitudes ranging from 8,000 ft near the foothills, 
to 10,000 ft. around and among the residual older mountains. 
In this district, notably in and near the Rocky Mountain National 
Park, many ridges, some of them broad, rise to a fairly uniform 
level 1,600 to 2,000 ft. above the clearly seen peneplain. These 
have been interpreted as remnants of the Flattop peneplain, the 

' Pbkheuan. N. M., Geology of the Boulder District. Colorado U 8 
Oeol, Survey, Autf. 2ft6, 1906. 




Fift. nfi.— Ww from T*ro«j>oot Moiintniii northwofiuaH nrrnM K*tc$ Fafk. 
I'lic sk>* lihp ia r»ii ihc olilcr i»r Flalfnit T)ic ycniiiKt'r (pr<^ 

auinnMy South Park) ttcrirjilniti a]i]>r:>» dialinrily at n lower lex'el. 2, .OHO ft. 
Iiolow the latter ia I^urk. an ermion valley, nnKhfie<i by ler probably in 

the c>bl<«r or ]>re*Wis«'t>u»iii of ulariation. cx««e» (’> s. 6Vof. .Surer;/ /full. 
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summil of Roll op Moimlain Ix'ing one of the broader remnants' 
iR^s. lb") and ‘JG). The highesl peaks rise above this level. 

Georgetown District. — In the vicinity of Georgetown, we.st 
and souihwt'st of Denver, the landscape is dominated by reni- 
nanis at or near the Flattop level, most of them above U,500 ft., 
but llic oUlev peneplain, although apparently first discerned In 


this district, was never so well developed here as elsewhere,- 
Monadnocks like Mt. Kvans (14,260 ft.) rise above this level. 


‘ Llk, Willis T., Peneplains of tl>e From lion Re at Itorky Monniaiu 
Naljoii.l1 Park, Colora<lo, 1*. S. <5eol. Snn-ey, Bull 730, 1022. Lee bcnp''M 
that this peneplain waa conipleletl nmr the inkbllo of the Tertiary (p. 17). 
t'nder his plate II B, he states that the summits of the Medicine Bow 
Mountains, some of whieh arc flat-toppwl or very even -e rest ect, rise to 
alwul the level of the Flattop peneplain. He would have the South Park 
peneplain finished at the end of the Tertiary an<l correlated with Pliocene 
sedimentation on the Great l^ains fpp. 3o and 107). 

* Ball, Sydney H., Geology of tl*e Oeorgelown Quadrangle, Colorado, 
I*. S. Geol. Survey, Fr^f. Fap. 63, pp. 30-34, 1906. Ball wrote his descri^ 
tion before any attempt had been made to define more than one peneplain 
in the Rocky Mountains. Lee faces the possibility of Inicrpretmg the higher 
remnants as up- warped or up-faulted, but does no* adopt (his hypothesis. 
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Farther east and south the general level falls to that of the 
younger peneplain. 

The Geoigetown district occupies a central position among 
the high mountains that stand above the South Park peneplain.' 
The main range of such residual mountains, known only as the 
Continental Divide, trends southwest from this locality and 
intersects the Park Range east of Leadville. Extending north* 
west from the Georgetown district are two high spurs, the 
Williams River and Vasques Alountains that indent Middle 
Park. The Kenosha Hills and Tanyall Mountains branch off 



Fto. .17.^ View northward ftlong th^ ert^ of Colorndo Front Rnngo wlicro 
(t is crossed by the Denver North«*Mlcrn Pneifio Railroad weal of Denver. In 
tho (listance at (ho rigltt is (ho sloping and dUsorIcd younfccr (presumably South 
I'ark) pcncplBin whose nltitiiclc w K.OUU to 9.000 ft. (Fig. 33. p. 97.) The 
foroBround at (ha left shows (ho older subdued surfaeo. known elsewhere us the 
Hattop |>eneplaiii. harlns un aliiturle of aliout 12.000 f(. Above d rise munad* 
noeks. Hald Moiintam. H. not glarwicci: and Arapahoe Peuk. A. strongly gJuel* 
utdi. The effects of rt*eent alpine glaeiatiun are seen olso in the foreground uiid 
in tho circiues at .1/. (Dam. Assoc. Amcr. Gropr. Anno/s.) 


to the southeast toward Pikes Peak. Most of these mountains 
have received little physiographic study but the summit of the 
(’ontincntul Divide is doscribed as a gently rolling upland whose 
edges arc notched by cirques and ravines (c/. Fig. 37).* 

South Park District. — South of the residual mountain.^ described 
and east of the Park Range is the broad expanse of South 
Park more than 60 miles in diameter. Here the peneplain is 
well preMcrved at an altitude ranging from less lhau 0,000 to more 
than 10,000 ft. Its northern half is rimmed by the mountains 
named, but between the Tanyall Mountains and Pikes Peak 

• Thm cun lx* Been IkhI on the Topographic Map of Colorado, published 
by the Ktate in 1913; scale 1:500,000. 

* Hanhomk, P. L,, ecology end Ore Dcposiis of the BrcckMirulgc District, 
Colorudo, V. 8, Cool. Kurvoy, Prof. Pap. 75, p, 16, 1011, 
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the peneplain extends eastward with increasing dissection from 
the Park to the foothills. On the south there is no sharp limit 
short of the Arkansas River, though the application of the name 
South Park is commonly limited to the area north of the Arkansas 
Hills, a volcanic group.* 

The undissected upland doubtless owes its preservation in 
part to its lack of tilting during uplift. On this account the 
rejuvenation of its streams instead of being accomplished simul- 
taneously throughout their length, must proceed gradually 
upstream. In general the tributaries are not yet affected. At 
many places, therefore, the topography of their valleys is mature 
or old while that of the revived trunk stream nearby is young. ^ 

The Arkansas River crosses the granite belt through the Royal 
Gorge whose exceptionally steep walls rise 1,400 ft. above the 
stream or 7,000 to 7,500 ft. above the sea. It is evident that the 
upland of South Park declines as the river is approached. 

Mountains South of the Arkansas River.— South of the 
Arkansas River the peneplain is a little lower and less perfect 
than to the north. Nevertheless, the conspicuous ranges, 
^angre de Cristo on the west and Wet Mountains on the east, 
bear the same relation to the intervening Wet Mountain Valley 
as the ranges farther north bear to South Park. The Wet Moun- 
tains culminating in Greenhorn Mountain (12,230 ft.) nre 
analogous to Pikes Peak though broader and less high. 

The Sangre de Cristo Range is a steep anticlinal uplift, granite 
cored and flanked by sedimentaries which, at places, overarch 
the crest. Its northern part, west of Wet Mountain Valley, 
does not properly belong to the front ranges, In lat. 37 30 
between Blanca Peak (14,390 ft.) and VeU Pass (Denver and 
Rio Grande Railroad), the range is offset 15 miles to the east and 
becomes the Front Range. From that point it extends straight 
south for 140 miles where it ends abruptly, and with it ends the 
Rocky Mountain System. At its east foot, a dissected plateau 
20 to 30 miles wide slopes eastward from an altitude of fully 
8,500 ft. This plateau (assigned to the Great Plains province) 

* For description of this srea scf Caoss, W., and Penrose, R. A. F., 
Geology and Mining Industry in the Cnpplv Creek District, Colorado, 
U. S. Geol. Survey, Wh Ann. Repl.t pt. II, 1895. 

» Cf. footnote 2 p. lOO. The question whether these older valleys 
to the peneplaning cycle or were made in an intermediate cycle preceding 
the great uplift that caused the canyon cutting is not determined- 
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represents in a general way the position of the South Park 
peneplain, bu* lowered a few hundred feet by later erosion.' 
For long distances the range rises fully 4,000 ft. above this plain. 
If remnants of higher peneplains are present they have not yet 
been recognized. 

Features due to alpine glaciers are abundant in (he northern 
part of this range and some evidence of their former presence is 
found far to the south in New Mexico. Even now two small 
masses of glacial ice (one of them at least SOD to 1,000 ft. in 
extent) remain on the protected northeast slope of Blanca Peak 
in lat. 37®35^* This is probably the southernmost occurrence 
of surviving glaciers in North America. 

West of the south end of the de Cristo Range and 

beyond the Rio Orande, almost on the 107th meridian, is a 
parallel range, the Nacimiento and Jemez Mountains. These 
rise 3,000 ft. above the plain and are not unlike the Sangre de 
Cristo in structure and character. Though similar mountains 
farther south are included in the Basin and Range province, it 
has seemed best to include these in the Southern Rocky Moun- 
tain province because of (heir close association. This is made 
closer by the fact that the intervening lava-covered highlands 
are beat treated as a southward extension of the San Juan region 
of the Rocky Mountains. 

RtsuM^ OF Physiookaphic History op the Front Ranues 

Older Cycles. — In its main outlines the physiographic history 
of this part of the Rocky Mountains is fairly well agreed on, 
In important respects these Front Ranges are typical of the 
entire Rocky Mountain division and their history should be given 
weight in considering the probable history of other ranges. 

Physiographic history begins wilh the great Laramide uplift 
(post-Cretaceous) which determined the dominant structures. 
The great flanking moDoclines were formed at this time. The 
height of the mountains thxis produced may have been very 
great. They were in large part peneplaned, probably at least 
twice, the second cycle being inaugurated by regional uplift 
of 1,500 to 2,000 ft. without folding. Isolated monadnocks 
still rise above the older peneplain and extensive ranges remain 

' Lee, Willis T,, U. S. Gcol. Survey, folio 214, p. 13, 1022. 

' Risbbnthal, C. £., GlieiAtion in (be Sangre de Criato Range, Colorado 
Jour. (Jwl.. vol. XV. pp. 16-22, 1907. 
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uncoDsumed on the newer. The degree of perfection reached 
by the older peneplain is of course speculative, but If the drainage 
of that cycle resembled that of the present, the development of 



even an approximate peneplain in the Georgetown district not 
far from the Continental Divide would imply a rather high 
degree of development over much of the province. 
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As the sea in both cycles was probably as far away as at present 
and a reasonable gradient must be allowed for the streams, these 
peneplains may well have been formed several thousand feet 
above the sea. It may be assumed that at the close of the later 
cycle the greater part of this province and others adjacent wore 



Pio. SO.^Diacrem LUu 0 lrn(ini Ih^ hUtor>* of (hf Front Ranse in 
Co1or4do. Tho Mock ot the roftr (rijcht) repreoent* tn ancient mountain range 
of complex atruetura which has h^n )>eneplaned. covered by aedimenta and 
again uplifted, nrclung the newer ardimenta. The next block repreaenta tho 
iamo atrueturc reduced to an imperfect peneplain, aemc of the atrvnger igneoua 
rocka forming reonadnocka and two of Che alronger formatioiia among tho 
younger acdlmcnta forming low monoclinal rldgea. The third bioeka ia idcnticnl 
with the aaoond except for later uplift. The fourth block (foreground) ahowa 
tho rciulU of renewed croaion by water and ice. It repreaenta the preaci>t 
aurface dioKramcnaticolSy. Remnant a of tho imperfect peneplain aurvive 
botweon the ennyon-liko revived valley a. The monadnocke remain aa before. 
BoiDo of them affected by ico erooion. Meantime the Great Dalna have been 
lowered by erooion of their weaker recka. partly denuding the atrong rocka of 
the mountnine. (hua giving height to the mountain front and renewed prominence 
to the hogback foothilla. Thia aeriea of four block# repreaenta but one peneplain 
(except the buriefl one In the Aret block). The introduction of another cycle 
would complicate tho drawing without making the principlea clearer. (/)onV. 
Araoe. dm«r. Geopr. AnnaJa,) 


covered by a continuous graded plain, made by degradation of 
the mountains and aggradation of the Great Plains. The penc> 
plain in the mountain province is believed to correspond in 
geologic date with the surface of the Pliocene sediments that now 
cover the High Plains.* 

‘ This ia Lee'a coDcluaion and agree# eaacntially with thoae of Black- 
woider and R. T. Chamberlin and with the aaaumptiona underiying DavU’ 
paper already referred to. Ball aMigna a Pliocene age to the (leorBetowii 
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Caayon Cycle. — The coantry then rose to about its present 
height, not this time as a mount tun range but as a gentle arch 
sloping 100 or 200 ft. per mile from the axis to an indefinite base 
far out on the plains. There was then no mountain ^Tront/’ 
no foothills, no mountains in fact, except the residuals of older 
cycles rising above the upraised peneplain. 

Erosion was thus revived, canyons were cut and the plateau 
itself locally carved into mountains. This erosion is commonly 
referred to the “canyon cycle/' still in progress. This Is a much 
used term in our western mountains, especially where the making 
of canyons was preceded by a “peneplain cycle." It is correctly 
inferred that the former has been very short in comparison, but 
it is a canyon cycle only in the mountains where the rocks 
are very resistant. East of the foothills the rocks are chiefly 
shales and all easily eroded. In these weak rocks a new pene- 
plain has been developed near the mountains within the same 
time that was occupied in cutting canyons in the granite to the 
west^ (Fig. 34, page 99). 

The great down-cutting in the later cycle east of the foothill 
belt is responsible for the abrupt “front” of the range. Its 
steepness is dependent on the steep dips of the harder strata 
upturned there. These were merely stripped and the stripping 
process still continues. 

Glaciation. — Although erosion in the canyon cycle resulted 
locally in sharp crests and very rugged topography, many (or 
most) of the main divides rising well above the peneplain retained 
the rounded forms of subdued mountains (Fig. 43). In the 
glacial epochs that followed, the lofty divides of rounded form 
became centers of alpine glaciation and were deeply carved by 
cirques and glacial troughs (Fig. 41 ). At places the remnants 

penepUin, assuming m he did at that time that there was bui one Eocky 
Mountain peneplain. . g 

In a recent paper on the Ceolo^c History of the iVont Range by i. &• 
Lovering, Proc. Colo. Sci. Soc., vol. XII, No. 4 , 1929, the opinion is expressed 
that the older or Flattop peneplain represents in large part a reexposure o» 
the old land surface on which the Cretaceous sediments were laid down. 

i It is pointed out by Davis, foe. cif., p. 31, that the new penepto on tbe 
Great Plains is itself trenched by valle>*s of two partial cycles which are sui 
younger. In the mountains the work of these later cycles is ^ mere (OQ- 
tinuation of the still voung canyon cycle and thejr effects are j 

able. Similar, though not identical, relaliots are described by Blacicweioe 
in the Laramie Range, Jtntr. G 0 OI.. vol- XVII. o. 441. 
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PlO. 40.~A notmully eroded mountain ronas not affeelod by glacial croey)n 

t /Anvil.) 


The tame mounUin maa* aa Itt Fig. 40 airutiitJy afFocUd by glacier 
which itUI occupy it« valleya. (/>ovii.) 


Tho nme oiountaia mam aa in Fig. 41 ahorUy altar tbe glacicra have. 
iD«>lt4xl from ita valleya (/>oiu.) 
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of the old subdued surface and the deep vaUeys and sharp combs 
of the new may be seen in a single view {Fig. 37). 

Drainage.— For long distances the Continental Divide follows 
the crests of the old monadnock ridges and the drainage is in no 
way peculiar. The Arkansas River, however, cuts across the 
entire granite belt in the Royal Gorge. The course of this stream 
antedates the last uplift and perhaps others before it. The upland 
is lower near the gorge than elsewhere and there is reason to think 
that a sag was left here in the original uplift. The river may 
have followed this sag while the granite was still covered by the 
strata now outcropping in the foothills,* and before the broad 
valley of the upper Arkansas was cut out. This would make the 
river consequent on the covering beds and superposed on the 
granite. It is not certain, however, that what is now the spacious 
Arkansas Valley on the west was uplifted equally with the Front 
Range. It is not yet known to what extent the river was thus 
guided by slopes which the water found rather than made, and 
to what extent it maintained a preexisting course by cutting 
down into mountains that rose across it. The full explanation 
of the Royal Gorge must be sought in connection with that of 
the upper Arkansas Valley. 


PARK A19D SAWATCH RANGES 

Structxjre. — Looked at in a broad way, Colorado is crossed 
by two granite belts which are locally in contact but elsewhere 
separated by structural depressions. Both belts have subordi- 
nate axes en ech^lw. Thus the Front Range Is offset from the 
Pikes Peak mass to the Wet Mountains farther west and again 
to the Sangre de Cristo, successive anticlines pitching to the 
southeast. The western belt trends south from Wyoming as the 
Park Range, but turns southeastward as the Gore Range, and 
again south, past LeadviUe, as the Mosquito Range. Meantime 
the main axis is offset to the west and is found in the Sa watch 
Range whose southward continuation is buried beneath the 
San Juan eruptives. 

The Sa watch Range ends at the north in the same way that 
the Colorado Front Range ends at the south. The north end of 
the Sawatch Range is separated from the Park Range by the 
structurally depressed Eagle Valley, just as the south end of the 

’ Davis. W, M., Assoc. Amer. Geogr. Ann., vol. I, p. 52. 
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Colorado Front Range is separalod from the Wet Mountains 
by the structurally depressed Arkansas Valley. A structural 
sag likewise crosses the axis of the Gore Range 15 miles south 
of Gore Canyon by which the Colorado River emerges from 
Middle Park. 

Description of Park Range. — North of this transverse syneline 
the Park Range, extending well into Wyoming, presents the 
combination of dissected plateau and monadnock peaks and 
ridges, already described in the Front Range. For a stretch of 
15 to 20 miles south of the Wyoming boundary and west of 
North Park there Is a craggy and strongly glaciated alpine ridge 
rising well above the level of the uplifted peneplain (Mt. Zirkel, 
12,200 ft.). North and south of this ridge, crests are accordant, 
and slopes for the most part moderate. In Wyoming, where 
the belt is 30 to 35 miles wide, an old rolling surface of broad 
slopes, averaging perhaps 10,000 ft. in altitude but ranging a few 
hundred feet above and below that height, is completely dis- 
sected by open valleys of a later cycle. ‘ Several broad swells 
(Grand Encampment Mountain and others) rise above 1 1,000 ft. 
They seem to be typical subdued mountains. They bear the 
marks of glaciation, but not vigorous or long enough continued 
to narrow them to crags. 

From the alpine ridge southward to beyond Gore f’anyon, 
i.s.p west of Middle Park, the range though not broad is plateau- 
like with a more or less abrupt descent to the east and declining 
gently westward.’ West of both parks the range is attended by 
monoolinal foothills but at the east foot of (he alpine portion 
abundant moraines occupy three-fourths of the area and obscure 
the foothills.’ 

About 15 miles south of the Colorado River the range (here 
known us Gore Range and trending southeast) becomes lofty and 
serrate though the main crest and even the long northeasterly 
spurs show a rough approach to uniformity in altitude. Appar- 
ently the mountains were carved from a fairly smooth surface 
declining toward the northeast, first by water, then by vigorous 


In ' ‘I*® Encsmpnient District, Wyom- 

ing, U, B, Geol. Survey, Pro/. Pep. 26, p. 12, 1904. ^ 

A ' I " “/‘’“'“‘m ”“"■«>■■" vol. il, p, 130; „l»o M„,v.Ni.. 

A. R., "Hnydcn Btirvey," 1878, p. 178. 

It •'"* Nerlli Park, Colorado, 

U. a Cool. Survey, Bail. 506, p. 71. 1916: abo, geoloei.. ,„„p „f CobnuJo. 
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glaciers, the final effect being to reduce the mass to a skeleton 
vviihout much impairing its height,' 

Southern Part of Park Range— A little north of lal. 39*30' the 
(rend changes abruptly to the south. Here the north- flowing 
Tenmile River cuts through the mountains. The name Mos- 
quito Range is often applied south of the gap. Not far from its 
northern end the Mosquito Range is joined by the massive broad- 
crested C'ontinental Divide from the east (see page 103). Where 
the two come together the Mosquito Range is itself narrow but 



Pia. 43.— High mountain o< subduod form, not cars*H by Thi« 

mountain H (he Park Range near L«ad>*ilte. Colorado, give* a fair idea of the 
forma of moat of the higher Rocky Mountain a before glaeiption. The valley 
in the foreground wm occupied by a glacier whoee JateraJ rooraioea appear Id 
( he picture. (Cappe. V. S. Otai. Sunfig.) 

its highest peaks are here (Mt. Lincoln, 14,276 ft.). It is also 
profoundly eroded both by water and ice. There is, therefore, 
not much room for any remrants of peneplain. Evidence of a 
general level is, however, no'. wanting near by. North of Lead- 
ville* between the higher crests of the Mosquito and Sa watch 
Ranges is a surface of long slopes and swells of roughly uniform 
height, the swells being somewhat above 12,000 ft., and even the 
larger valley bottoms being 10,000 to 11,000 ft. high. None of 
these plateau-like surfaces in the Park Ranges have yet been 
definitely correlated with the Flattop o** South Park peneplain. 

^ Maevins, a. II., foe. ctf., p. 1S& 

* Empons, S F., Tcnmilc folio 48. U. S. Oeol. Survey, 1898 
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The Mosquito Range is accompanied throughout its lengtli by 
a fault at its western foot, the mountain range being on the 
up-throwD and eastward-tilted block. ^ 

South of Leadville the range is composed chiefly of sed' 
mentary rocks which dip eastward from the fault, the dip slope 
being relatively gentle and the scarp slope steep. These features 
suggest block mountains of the first generation, but the faulting 
may have begun with the Laramide deformation. If so its 
topographic effects must have been largely erased in the several 
base-leveling epochs. Some renewed faulting has occurred 
later but, at least in parts of the range, differential erosion is 
an important factor. 

The altitude and alpine character of the range are well main- 
tained as far south as Buffalo Peak near the 39th parallel. 
South of that, while continuing to rise 2,000 to 3,000 ft. above the 
Arkansas Valley on the west, it rises but little above the genera) 
level of South Park. Such prominence as it has when viewed 
from the east, is due in part to stream valleys at its foot. 

Sawatch Range,— As previously slated, the Sawatch Range 
is a great granite-cored anticline pitching to the north. Toward 
the valleys on the east it presents a magnificent front, but from 
(he west side its impressiveness is less because the adjacent 
country is very high and broken. The transverse syncline at the 
north, followed by the h:agle River, has an elevated and rugged 
surface, the strata being only locally horixontal and everywhere 
deeply eroded. West of the north end of the range is a consider- 
able area of lofty and deeply dissected plateau included in this 
mountain province because of its surroundings (page 1 15 ). 

It is only from favored positions on the west that the granite 
Sawatch Range is seen to rise prominently above the high 
divides on the adjacent scdimcntarics. The elevation of its 
crests, 12,000 to 14,000 ft., is appreciated only by remembering 
that the level of divides in the adjacent country is 9,000 to 11,000 
ft. Locally the Sawatch is contiguous with the Elk Range of 
almost equal height, The latter has a northwest trend, abutting 
against the Sawatch at the southeast. South of that, the more 
or less scattered masses of the Sawatch give way without 
sharp topographic contrast to the laccoliths of the \^'e8t Elk 
Mountains. 

• Emuonh, 8 K, Geology ind Mining Ind«Mtr>' of UaivWk, U. 8. Gool 
Survry, Mon. 12, p. 2ft. IS86. * 
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Southward the range extends to the valley of the Tomichi 
River which is foUowed by the Denver and Rio Grande Railroad. 
The line thus designated separates the great granitic area on the 
north from the area of volcanic rocks known in a general way as 
the San Juan re^iion. Marshall Pass (10,846 ft. high) here sepa- 
rates the Sawatch Range from the Cochetopa Hills, the most 
easterly range of the San Juan. A few miles farther east, Poncho 
Pass separates the Sa watch from the Sangre de Cristo Range. 

The topographic elements of the Sawatch landscape are the 
same as those of the Front Range, alpine ridges and peaks sur« 
mounting or alternating with areas having no commanding 
summits. This is illustrated at the north end where the Mount 
of the Holy Cross' rises to a height of 2,000 ft. above its spreading, 
plateaudikc spurs.* 

The Sawatch Range not only has the highest peaks of the 
Rocky Mountains, but has an exceptionally large number of them 
(10 above 14,000 ft.* and a much larger number above 13,000 
ft.). Many, perhaps most, of these very high peaks are not on 
the main crest of the range, which is here the Continental Divide. 
Some of the highest stand many miles east of the main divide 
on long spurs separated by valleys, cut down almost to the base 
of the range. This rambling habit of the lofty crests is an ocular 
demonstration of the importance of erosion in producing the 
relief of this range. To what extent the Arkansas Valley itself 
was enlarged by erosion is uncertain. The great lateral valleys 
which separate the eastern spurs of the Sawatch are primarily 
the work of water, but especially in the northern part they have 
been greatly deepened and changed in form by glaciers. Some 
peaks, like La Plata Mountain (lat. 39®), owe their present form 
entirely to glacial erosion. Others, like Mount Elbert, eight 
miles to the north, while indented by cirques, retain in part the 
rounded form which evidently characterised those mountains 
before glaciation gave them their alpine forms^ (c/. Fig. 40, 
page 109; also Fig. 43, page 112). 

I The "cross” consists of snow bonks retained in ravines. 

> For description see Henry Gannett, "Report of Hayden Survey for 

1874," p- 420. ^ , 

i"The Mountain Peaks of Colorado” 1923; also "Fourteen Thousand 
Feet," L925; publ. by the Colorado Mountain Club. 

‘ Davis, W. M-, Glaciation of the Sawatch Range, Colorado, Mus. Comp. 
Zool. vol. 49, 1905; also Glaciation in the Sawatch Range, Colorado, 
Ai>}tnUtfkxQ, vol. X, no. 4. 
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MOtTKTAINS WEST OP THE GRANITE BELTS 

White River Plateau.— A general view of the Southern Rocky 
Mountain province shows three divergent lobes at the northern 
end, their axes inclining westward to meet the trends of the 
middle Rockies. A fourth lobe on the west is directed toward 
the Uinta Range. There is in fact a continuous anticline 
connecting this lobe with the Uinta uplift but its crest is ver>' 
uneven, bulging and sagging by turns. ^ The greatest of these 
bulges forms the While River Plateau which occupies most of 
the lobe referred to. The three northern lobes have been 
denuded of their sedimentary covera but in this western one the 
underlying granite is barely exposed, partly because the sedi* 
ments were much thicker. 

Structurally the While River uplift is like that of the Uinta 
Range, steep on the flanks and flat on top. The Uinta also 
retains a sedimentary cover as docs the Bighorn in large part 
(sec also Needle Mountains, page 123). This genera) structiti'al 
plan is frequent among Rocky Mountain ranges but is less appar« 
ent where the sediments have been largely removed. The White 
River uplift is only one of a rather large class but (he structural 
type is more perfectly exhibited here than elsewhere. 

A mass 30 to 40 miles in diameter has been pushed upward 
12,000 to 15,000 ft. without folding.’ The deformation is all 
in a belt 6 to 10 miles wide around the edges. It is best observed 
on the west and south where the Grand Hogback (Mesa^'crde 
sandstone), locally 1,500 ft. high, makes a striking boundary 
between the mountain province and the C'olorado Plateau. 

Inside this border of tilted beds is a submaturoly dissected 
plateau whose remnants range from 10,000 to 12,000 ft. in 
altitude. These no doubt represent a peneplain which faintly 
bevels the almost horisontal beds. Much of the northern part 
is covered by lava, making the Flattop Mountains. In its phys- 
iographic history the White River Plateau differs in no essential 
respect from other high-lying, plateau-like portions of the Rooky 
Mountain provinces. 

Between the 8awatch Range and the White River Plateau the 
structural uplift was somewhat less. Here is a kind of saddle 
IQ a broad anticline between two rather irregular synclines. One 

* The continuity of this uplift is more apparent on (ho geologic map of 
Colorado (1919) than on the Willie map of North America. 

•Warre, 0. A., U. 8. Ocol. Survey, Wh Ann. pp. 703, 706, 1887. 
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of these, on the southwest, is marked by the course of the Hear- 
ing Fork; the other appears od the geologic map as a southeast- 
ward extension of younger sediment aries at the western foot of 
the Park Range. The strata over much of the uplift are nearly 
horizontal and make a submat urely dissected plateau traversed 
by the Colorado and Eagle Rivers and the tributaries of the Roar- 
ing Fork-^ The highest divides are above 11,000 ft. and the 
valley bottoms from 2,000 to 4,000 ft. lower. 

Elk Mountains.^— The northwest-t rending anticline, of which 
the White River Plateau is the most prominent feature, is paral- 
leled farther south by the Elk Mountain anticline. The two are 
separated by the synclinal valley of the Roaring Fork which is 
followed by the Denver and Rio Grande Railroad from Glen wood 
Sprinp to Aspen. The Elk Range extends northwest less than 
50 miles, its termination being marked by the Huntsman Hills, 
in some respects I'esembling the Grand Hogback. 

Despite the relatively small extent of the Elk Range, it is 
one of the most commanding in the Rocky Mountains. A num- 
ber of summits reach altitudes of about 14,000 ft. The range is 
deeply cut by gorges and it has the alpine features indicating 
severe glaciation. Most of the streams head in cirques^ and 
occupy glacial troughs to the lower limit of glaciation. 

The Elk Range is a great anticline indicating compression 
from (he northeast.’ Great faulting and overthnisting are also 
indicated. The center of the range consists of intriisive granite 
which in certain areas is exposed at the surface by erosion, but 
elsewhere remains covered by thick and strong sediments. 

West Elk Mountains. — South of the Elk Mountain Range is 
a nearly circular area about 30 miles in diameter, bounded on the 
south by the Gunnison River. It is characterized by isolated, 
irregular mountain masses rising to heights of 11,500 to 12,500 
ft. above broad valleys or uneven plateaus which are themselves 
8,000 to 9,000 ft. high. These are the West Elk Mountains. 
Most of them are laccoliths, now surrounded by the ragged 
remains of the Cretaceous strata which once covered them; 

i Described by Gannstt, H., V. S. Ceol. and Geogr. Survey of the 
Territories, 8th Ann. Esp(., p. 422, 1874. 

>Eio*oK5, 8. F., Antbmeite-Oested Butte folio 9, V. S. Geol. Survey, 
1894 

* The structure »i»d, to some extent, the topography of these mountaine 
arc clearly and interestingly described by W. H. Holmes, 8<fc Ann. ffeirf.. 
"Hayden Surve>',’’ pp. 68-71, 1874. 
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but the group in the south central part, which contains West 
Elk Peak, is carved by great erosion from vast lava flows and 
tuffs, formerly continuous with those of the San Juan region to 
the south. The southward slope from these volcanic groups to 
the Gunnison River is a submaturely dissected plateau sloping 
2,000 ft- in 18 or 20 miles. Taken t<^ther with a similar but 
broader and flatter strip south of the Gunnison, it forms a broad 
plateau-like, east-west belt, 80 miles long from the Sawatch 
Range to the Colorado Plateau. The Gunnison and its tribu- 
taries are actively dissecting this belt which is presumably a 
former peneplain,^ perhaps corresponding to the one in South 
Park- Its altitude is 7,500 to 10,000 ft. Where the Gunnison 
River leaves the Mountain province it is abvady incised 2,000 
ft. below the general level. In its first 25 miles in the Plateau 
province it traverses the Black ('anyon 2,500 to 3,000 ft. deep. 

Much of the West p:ik district is plateau-like. However, 
the relation of its southern half to the San Juan region is such 
as to make its inclusion in the same province dosiruhle. In the 
northern half, laccolithic mountains are so closely spaced as to 
present to the plateau on the west an almost continuous front. 

SAN JUAN REGION 

South of the Gunnison River (lat. as'W) the Southern Rocky 
Mountain province hos its greutost westerly extension in a 
broad lobe, for the most part lava covered. The name San Juan 
is applied specifically to the high mountains in the woslern part, 
but the same name is also used to designate a much broader and 
poorly defined region. In a large way the great volcanic 
urea west of the San Luis Valley must be treated iui a unit. With 
it are commonly included the partly isolated mountain groups 
08 far south and west as the La Plata Mount iiins flat .37®2n'* 
long. 108^5').* 


Sak Juak Mountains 


Structure.— The lofty nmuntains to which the name San 
Juan is applied in the narrow sense, lie mainly north of lat. 37^45' 


• Gankiht, H., ioe. eii., p. ^25. 

>Thc orilirc urea Ihuu oullinH eniUmeea C,.5O0 io 7,000 i^iMure mili>a 
I ho imnie Kui, Jaun rtjioh » npplicxl lo tlic- whole I«u sniorallv 

folio 163, U- 8. Gcol. Burvoy, 1907. • ™y 
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and west of long. 107® 15'. Those consist enfiroly of lavas and 
volcanic tuffs in more or less horizontal sheets. Those rocks 
are cut through only by the deepest valleys near the edge of the 
province. Beneath them and beyond their limits are sedimen- 
tary rocks dipping away from the mountain center, i.e., to the 
north, south, and west.* 

Topography. — The topography of these mountains is, in the 
main, that of a maturely dissected plateau of coarse texture 
{i.e., with streams relatively far apart), with a total relief of 


p,n, 44 , — oi IhcSon Juan noftlfcCMt of THIurido. Colorntto. 

Th© general level of iho hotieon ia alwvc IS.OOO ft. N’oto th(* ' cry cntiuvioue 
eirtiMc in the forejfround: also the many sleep slopes, rfuet, and c<jmU due to 
icluciul erosion. 1'he roek* are fragmental cnij)tjves uud ia\'a flows. irh<Ao l/y 
H. T. Chamhrrtin.) 

nearly 6,000 ft. Hundreds of peaks rise above 13,000 ft. and a 
few above 14,000 ft. Valleys from 2,000 to 4,000 ft. deep are 
common. The average altitude in the Silverton quadrangle, 
located near the center, is estimated to be 11,500 ft.® The 
crests arc for the most part rounded and smoothed; some moun- 
tains even have flat tops, but this is not the rule. Glacial 
erosion has sharpened some of the peaks and ridges. Most of 

' Cross, W., :iml HfiwK, E., Oumv folk) 153, U. S. OpoI. Sur%'ey, 1007; for 
Kwlogy and jilt>'si.»graphy of Itww and adjarc*nt mountain (zroiips, see fli-o 
folios 57, 60, 120, 130, 131, and 171. 

’ Cross W'., Silverlon folio 120 
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the valleys which head above 11,000 ft. have the U-shaped cross- 
section of glacial troughs. 

Physiographic History. — The structure and forms, above 
described, indicate that these mountains are carved by erosion 
from a mass whose surface may have had but little relief- Such 
a surface may have resulted from the original accumulation of 
volcanic material, but from various considerations it does not 
appear probable that the surface before carving was, over any 
great area, the original surface of accumulation. A brief outline 
of the constructional history will make this clear; 

The geological structure indicates that after the close of the 
Cretaceous time there was an uplift in this region which caused 
the strata to dip north, south, and west (east unknown) from the 
site of the San Juan Mountains. This domo-like uplift was 
reduced to a peneplain before the volcanic eruptions began. ^ 
The eruptions came, not in one, but in three epochs, between 
which and during which there was great erosion, so that a long- 
eontinued conflict was waged between erosion and accumulation. 
After these events, at some time before the glacial period began, 
the area of the San Juan Mountains was again one of relatively 
small relief or a rolling peneplain.’ Even if it were all a true 
peneplain it is not necessary to suppose that the region lay at 
sca-lcvel, for the distance to the sea is so great that considerable 
fall would have been necessary for the streams. At all events 
this condition was followed by further uplift and two incomplete 
erosion cycles, producing broad valleys and basins in the adjacent 
weaker rocks with only canyons in the strong rocks of the 
mountains. Analogous events farther north in Colorado and 
Wyoming will readily be recalled (page 108). 

Three glacial epochs arc recorded in and around these moun- 
tains.’ The first is believed to have occurred during the dis- 
section following close upon the uplift of the peneplain. In the 
long interglacial epoch that followed, broad valley floors were 

‘ Ckohm, W., Oiirny folio 153, p. H, and various other pa pom above cit«d. 

’ Atwood, W, W., Plij-siogniphic Studio* in tlie San Juan DUtnet, Jour. 
Cod., vol. XIX, pp. 44^63, 1911 j also Atwood, W. and Mathlb, 
KiRTLBY, Evidence of Tlircc Distinct Glacial Epochs in Ihe San Juan Moun- 
tains, Colorado, Jour. Gtd., vol. XX, p. 406, 1912. In speaking of the 
ponepltun that preceded glaciation theae authors uac the words ‘‘almoat base 
level" and "extreme old age," The completion of the peneplain they 
place "probably near or at the close of the Tertiary" <p. 407). 

’ Atwood and Mather, loc. at. 
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(iovoloped around ihe edges of the mountain uplift and coated 
with thick boulder beds, derived in part from the glacial deposits. 
This is the first of the (wo incomplete erosion cycles mentioned 
above. It was interrupted by another uplift, and similar broad 
hot 1 01 ns wore developed oOO to 1,000 ft- lower (the second incom- 
plete cycle), ll was only afler the completion of these lower 
valleys that the second glaciation occurred. In the interval of 
(leglaciation that followed, the main valleys were again incised 
a few hundred feel before the advent of the last glaciers, 


Fio- 4.'. — \*U*w westward toward Yellow Mountain and Mt. Wjlaon, outlyi"* 
eminence* of the San Juan r^up. Altitudca ri»e above 14,000 ft. The rocka 
are mainly volcanic. The topography ia fairly typical of the hkher, glaciated, 
partf of the 8aii Juan difiricl. ((*. S.Gt^. Surttg,) 


In a general way the ice of each epoch fell short of the limit 
reached by its predecessor, Thus each epoch left its distinctive 
features. This fact, together with the fact that the deposits 
of the several epochs are at different levels, gives a distinct 
importance to the work of each epoch in the greater valleys and 
around the edges. Within the mountains themselves, the 
glacial features observed arc essentially those produced by the 
latest ice (Figs. 44 and 45). 

Landslides. — The nature of the rocks of these mountains, and 
their steep slopes, especially since the last glaciation, have been 
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very favorable to landslides. To these factors may be added a 
considerable rainfall occasioned by the abrupt rise of the tnouti- 
tains above the plateaus to the west. It is believed also that 
earthquakes have been a factor. The combined effect of these 
factors has been to make the San Juan Mountains and several 
of the adjacent groups noteworthy as a r^on of landslides.^ 
They are of scientific interest because of the characteristic 
topography produced. They are also important economically, 
because of the problems created in mining. The so>callcd ''rock 
streams” are peculiar forms believed by some to be slowly moving 
or creeping after the manner of glaciers.* 

Needle Mountain Uplift 

Structure and General Relations. — South of the San Jimn 
Mountains proper is an almost circular area 20 miles in diameter 
shown on the geologic map as consisting of pre-('ambrian rocks, 
largely granite. As the surface of these rocks is essentially 
as high as the San Juan Mountains and since in the latter the 
same rocks are buried beneath many thousand feet of lava, it 
follows that the outcrop of these prc*('ainbrian rocks represents 
a pronounced structural dome. The same rocks beneath the 
adjacent Colorado Plateau on the west and south, whose surface 
is 4,000 to 5,000 ft. lower, are buried by thousands of feet of sedi- 
ments. From this granite upland, therefore, the strata dip away 
in all directions but especially west and south toward the Plateau 
province. In a belt 5 to 10 miles wide on the south. Paloosoic 
limestones arc exposed in more or less disturbed and clipping 
strata. South of (hat are I lie east- west hogback ridges and 
cueslas of Cretaceous strata, which soon flatten out beneath the 
Colorado Plateau. The strip of dipping and much disi^ectod 
strong Paleozoic rocks belonging to the Mountain province 
gives way, somewhat abruptly, to the less dissected plateau on 
the granite. A similar belt on the west of the granite dome is 
10 to 15 miles wide and limited by a north-south line connecting 

‘ Howb, E., LandKliclcs in I he Kan Juan Mountoins, C(»lora<lo, V. 8. 
GdoI. Survey Frof. Pap. 67, 1900; see also, folios snd other papers referred 
to under the Han Juan Re^n. 

*CHAiiBeRLiN snd BAuserat, "Geolo©*," 2d ed., vol, I, pp. 232-233, 
1006; Capps, a R., Jour. Geol., vol. XVII I, p. 370, 1910; HoLR, A. 
Glaciation in the Telluridc Quadrangle, Colorado, Jour Geol vol XX 
pp, 72S-72-I. 1012. • • * 
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Fio. 4fi.— N ipw in the Ncocllc Mountains. hr>ri*on at l.t.tJ'X) ft. or mor^. Xol” sr*i‘<T:»l anmr^hrir^ of rrc't l<*vcl«. The nx'bs an* cliicflv 
qu&rtnte and j<*ate. The Hf>»e fold* am neatly tniuraiH I»y an old crt>*U>n aorfare. ((*. X. 
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the Rico and La Plata Mountains.' The line which separates 
these mountains from the Colorado Plateau is nowhere far from 
the edge of the Dakota sandstone which is the essential $ub> 
stratum of the plateau for many miles to the west. 

Topography. — The summits of the main Needle Mountain 
uplift embrace two types of topography. The granite portion 
is in part a lofty plateau 1 1,000 to 12,000 ft. high, trenched to a 
depth of 3,000 to 4,000 ft. by the south-flowing Las Animas 
River but, over considerable areas, little dissected. Here 
and there on its surface are remnants of Paleozoic rocks, still 
in their original horizontal position. The granite plateau is an 
ancient peneplain now being resurrected and exposed to dissec- 
tion.^ Thai it should still retain in some degree its level character 
shows the recency of the last uplift. 

The northern and eastern margins of the pre-Cambrian mass 
consist of quartzite. On this and adjacent p^mts of the granite 
stand the Needle Mountains, known in the older literature as the 
Quartzite Mountains,’ "almost unequaled in this country in 
altitude and boldness." Their steepness is due primarily to the 
nature of the rocks from which they are curved. It has been 
intensifled by glaciation but these mountains were no more 
severely glaciated than the mountains of volcanic rock a few miles 
to the north In which broader summits and more mas.sivc forms 
prevail. 


Minor Mountain Groups on the Wkst 

Spurs of the Son Juan. — Toward the west the San Juan 
Mountains present a bold escarpment, deeply embayed by the 
valleys of the upper San Miguel an<l Dolores Rivers. West of 
Ouray (lat. 38*) a bold promontory, of which Mt. Sncffels 
(14,158 ft.) is the crowning summit, lies between the basins of 
the Uncompagre and San Miguel Rivers. In the upper ba.sin 
of the former is the mining district of Ouray; in that of the latter, 
the Telluridc district. 

South of the TcUuride district between the headwaters of 
the San Miguel and Dolores Rivers a lofty spur of (he San Juan 

' CiujRS snd Holb, Engi»c«r Mountain folio 171, U. 8. (jn)l. Survey, 
1010 . 

* Crom and Howb, Needle Mountain folio 131, p. 11, U. 8. Gral. Survey, 
1905. 

* "Hayden Survey.” 
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has been isolated by erosion from the main mountain mass and is 
known as the San Miguel Mountains. Its culminating peak, 
Mt. Wilson {14,250 ft.), is one of the highest points in Southern 
Rocky Mouniain province. It is not known how much farther 
west the volcanic cover may have extended. Continued uplift 
in the western part of the San Juan district has greatly favored 
erosion on this margin, which has resulted in the steep western 
face of the mountains. 

Smaller Independent Uplifts. — South of the San Miguel 
Mountains are first the Rico Mountains, centering in lat. 37®40', 
and then the La Plata Mountains centering in lat. 37®25'. Both 
are domed uplifts. The structures of both are complicated by 
minor laccoliths, but these are only incidental or subsidiary.* 
The domes themselves are apparently due to independent causes 
and are not unlike the Black Hills of South Dakota (page 79) 
though much smaller. Both groups have many peaks more 
than 12,000 ft. in height. Mount Hesperus in the La Plata 
group is 13,225 ft. high. 

Eastwahd Extension of the San Juan Region 

General. — The great lava-covered area extending east from 
the San Juan Mountains to the San Luis Valley has been little 
studied. Much of it has the appearance of a dissected plateau 
9,000 to 1 1,000 ft. high. On the north it merges with, or includes, 
the plateau-like Gunnison Valley above whose western part the 
mountains rise with a conspicuous northward slope. Betweeu 
the main streams the surface rises in indefinite ridges, sometimes 
spoken of as “ ranges, '' to altitudes of 12,000 or 12,600 ft. with 
some exceptional greater elevations (Stewart Peak, 14,032 ft.; 
San Luis Peak, 14,100 ft-). Some of these high divides are 
themselves even-crested or plateau-like. From available data 
no essential difTerence can be pointed out between these moun- 
tains and the better known San Juan Mountains farther west. 
Apparently the mountains farther east have been less sharpened 
by glacial erosion. Glaciers were naturally more favored near 
the western front which was first encountered by the moisture- 
bearing winds. 

> Cross, W., Rico folio 130, V. S. Gool. Survey, 1906; Cross, W., and 
Spencer, A. C., Ls Plata folio $0, p. 10, TJ. 8- Geol Survey, 1899; see also. 
Cross, W., and Spbnckr, A. C., Geologj* of the Rico Mountains, Colorado, 
U. S. Geol. Survey- Ann. Repl., pt- IT. 
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To what extent the accordant summit levels represent the 
original surfaces of accumulation and to what extent they repre- 
sent peneplains has not been determined. The main divides 
may be residual above the lower and more widespread surface.' 
The northern margin of this surface (Gunnison Valley) is said 
to be a peneplain developed on volcanic rocks which arc believed 
to be of mid'Tertiary age. The question of more than one 
peneplain in this region has not been studied. 

Local. — Of the main divides more than 12,000 ft. high In the 
eastern part of the Sun Juan region^ the northernmost is the 
Cochetopa Hills. These are an east-west divide between 
Tomichi Creek (Denver and Rio Grande Railroad) on the north 
and the Saguache River on the south. The La Oarita Mountains 
are the divide between the Saguache River and the Rio Grande. 
The divide between the Rio Grande and San Juan River is a 
very irregular ridge with many spurs and with considerable 
areas above \ 2,000 ft. It continues south into New Mexico with 
declining altitude, forming a more or less mountainous connec- 
tion between the San Juan region of ('dorado and the Jemez 
and Nacimiento Mountains of New Mexico. 


THE PARKS OF COLORADO 


The term ^*park'’ os used in the Rocky Mountains indicates 
any broad depression in which trees are eit her absent or scattered 
In a narrower sense, the Parks of Colorado are certain extensive 
basins of this character west of (he Front Range and cast of the 
Park Range. The San Luis and upper Arkansas Valleys, not 
commonly called parks, arc necessarily included in the dis- 
cussion of these. 


North and Middle Parks.— North and Middle Parks together 
are conspicuous on the geologic map as an elliptical area of 
Cretaceous and Tertiary strata occupying a synclinal basin and 
surrounded by the crystalline rocks of the mountain axes (Fig. 
31, page 95).* The ellipse ends at the north near the Wyoming 


*Awood, W. W.. and Matucs, Kiarter, The Omnd Canvon of the 
Gunniwn lliver, Aawc. Amcr. G««r. Anm,, vol. V, pp. 13S-139 191$. 

bTom the structure of the mountainB on Ihe wwiem Iwrder of the 8an Luis 
Vtney u that there haa hcen adreidecl uplift in the latter part of tlio 

Tertiary. Hio^nthal found Mwene l»U dipping east 6 to 15 degrees- 

eXX m m."' ”■ 

> Best sees on the geologic in.p of Colorsdo, Colo. (icol. Survey, 1913, 
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bouadary where the granite cores of the Medicine Bow and 
Park Ranges meet and merge. At this transverse bar of granite 
the syncline, at least 10,000 to 1^,000 ft. deep, ends abruptly, 
its northern end being determined by a great fault. At the south 
end the basin ends where the Front and Park Ranges come 
together near Leadville. 

Structurally this large ellipse, 90 miles long and 35 miles wide, 
is a single basin. A subordinate east-west anticline' near the 
middle would be of small importance were it not for the volcanic 
rocks resting upon it, thus forming the Rabbit Ears Range,’’ 
a ridge 2,000 to 4,000 ft. high. This ridge, generally a “rounded 
swell surmounted by volcanic mesas and buttes in the western 
part, separates North Park from Kliddle Park. 

North Park covers nearly 1,000 square miles. Its floor, 
bordered by hogback foothills, is generally about 8,100 ft. high 
between streams. It embraces some areas, miles in extent, 
which are essentially flat; but in general the topography is mildly 
rolling, the larger streams having open valleys about 200 ft. 
deep. The North Platte River after gathering the drainage 
from all the surrounding mountains escapes to the north by a 
canyon through (he granite barrier. The drainage may well 
have followed this course since the posUCretaccous uplift, but 
the granite barrier was raised by Tertiary faulting. Whether 
the stream maintained its course without ponding, or whether a 
lake resulted, are questions pertaining to earlier cycles rather 
than the last. As for the current cycle it is probable that the 
general explanation of the peculiar drainage of the Wyoming 
Basin (page 136) applies here also. On this assumption tho 
present course of the North Platte was chosen on a peneplain 
made after the faulting, and the river is superposed. 

No doubt the granite barrier has determined the local base 
level of the stream. Apparently it has approximately held 
its own while the park has been reduced to a new peneplain. 
Whether by recent uplift or otherwise, the streams are now 
slightly incised and a new erosion cycle is beginning. 

Of the three parks of Colorado, North Park has the smallest 
proportion of forest. Economically, it is a grazing country. 
General agriculture is possible and it Is practiced to some extent 

»Beekly, a. L., Geology and Coal Resources of North Park, Colorado, 
U. 8. Geol. Survey. Buil 696, pp. 82-83, 1915. 
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but the altitude is not favorable. There are coal deposits which 
are mined in a small way. 

Middle Park is the least typical of the three. Along its eastern 
and southern margins is an uneven granite surface which may 
correspond in a rough way to the peneplain in South Park. 
The rest of the park is broken by two mountain ranges in the 
south and diversified in the north by volcanic mcs4is and buttes 
several thousand feet high. The floor is much dissected. 

Middle Park lies in a great eastward bend of the ('onlinontal 
Divide which follows Us rim on the norths oust, ami south. 


Fio. 47,— Peneplolft on top of fWl Runfo north of Piko» Peak at an clDvation 
of 0.000 ft. Pik«« Pook ia a monft<!nr>rk 5.000 ft. Injrh on IhU |»cn<*tilutn. 1‘hla 
"unio peneplain forma the floor of Houlh Park. I laewtiere (aoe I'jr, ;j:$j il (j 
into naountaiot. <f'. S, 6*r«f. .S'wrrry.l 


Here the Colorado River gathers its headwaters, then crosses 
the Park Range by Gore Canyon more than 2,000 ft. deep. 
The relations here are identical with those of the North Platte 
in North Park and probably indicate a similar history, though 
it may be that both parks draiood to the north before the Rabbit 
Ears Mountains were made. 

When the adjacent mountains were pcneplaned, these parks 
were no doubt parts of the same graded surface which covered 
the granite areas. Whether they were raised to that level by 
aggradation or brought down to it by degradation, the present 
basins are cut below the peneplain and are, in the main, cw^x- 
tensive with the weaker rocks. 
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South Park— It is quite otherwise with South Park. It is 
true that the Laramide uplift left here a structural depression 
which still retains sedimentary rocks in some parts; also that 
later a peneplain spread widely over basin and mountains alike 
(Fig. 47). Here, however, the general level of the peneplain 
has never been reduced and the park would have no existence, 
as a basin, were it not for rnonadnock ridges on its border. It 
has on the west the Mosquito (Park) Range which, at the south 
end, is very low or interrupted. On the north are the Conti- 
nental Divide, the Kenosha Hills, and the Tarry all Mountains. 
On the South and east there is no continuous rim and no dehnite 
boundary unless the park be regarded as limited to the drainage 
basin of the South Platte. The same type of topography extends 
east to Pikes Peak and south into Wet Mountain Valley beyond 
the Aikansas except for later valley cutting by the Arkansas 
and its tributaries. Most of its area is on the granite peneplain. 
South Park is, as it were, one story higher physiograpbically 
than North and Middle Parks, and its Door is one cycle older. ^ 

Upper Arkansas Valley.— Bithor in Che post-Cretaceous uplift 
or later, or perhaps beginning early and continuing at intervals, 
the Mosquito Range was made by uplift and eastward tilting 
from the great Mosquito fault. In the making of this great 
fault the Arkansas \'alley on the west was down-thrown but the 
early history of the upper Arkansas River and even the time at 
which it came into being are known only in the most general 
way. Probably the range on the east was never reduced to Cho 
level of the p»cneplain, which otherwise extended west to the 
residual ridges and peaks of the Sa watch Range. Whether, to 
produce this level, H was necessary to grade the Arkansas Valley 
up or down is not clear. The valley In its present form may be 
due partly to later crustal movement and partly to erosion by 
the same stream which, farther down, sawed its way through 
the Royal Gorge (Fig. 48). 

The valley is 60 miles long and floored mainly with gravel. 
The supply of this during the glacial period was so great that the 
river became superimposed with reference to the older and less 

^ It is not certain that this is true of the entire area. Davis, W. M., Tlic 
Colorado Front Range, Amer. Assoc. Googr. Ann., vol- I, p. 43, 1911, 
suggests that the peneplain may have been developed on weak sedi- 
mentary rocks which have since been stripped sway. In any case, this 
could be t me of only a small part of the area. 
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even granite surface in which it is now being incised locally. 
Near the middle, glaciers from the west crowded the stream 
eastward on the granite in which it is now cutting Granite Canyon. 
Above this, eroded gravel terraces occupy most of the width of 6 



? ^ It followed a broarl deiireamon armm the S<HHh Peirk i«*rici>Iain. 'J'li 
mul i<|>| f( rftua«J tlw nver W cntrearli iUcHf I.IIMJ ft. The presei.l phnnu 
level ut the top of ll.e r^fite repreaentn the Hwr <J the former wi^lo .lei^re-Hjoi 
whieli wiiij no doviht a lowland of eroaion but |>erhu(>« f,w«i iu location umJ pur 
of nn depth to rniatal movementa. (Fh>io /«r«wA«f by />enacr ond /f«> 6‘ri«d. 


or 8 miles, but a hummocky surface of moraines and landslide 
covers much of the valley. In the southern half (where some 
of the sediments may be older) the gravel plain is 4 to 10 miles 
wide, most of the material having come from the mountains 
on the west, thus crowding the river eastward. Through most 
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of this distance the river is now terracing the sediments but at 
several places it is cutting canyons in the granite.* 

San Luis Valley. — The San Luis Valley is a structural basin 
between the Sangre de Cristo Mountains and the San Juan. 
In northern New Mexico the two highlands are separated only 
by a narrow rocky valley cut by the Rio Grande through lavas 
which apparently were once continuous. North of this defile 
the San Luis Valley stretches more than ICN) miles. Its greatest 
width is nearly 50 miles. Its elevation in the central part is 
7,520 ft.; at the base of the mountains about 8,000 ft. The basin 
is divided into two unequal parts by the San Luis Hills, a north- 
east-southwest range of volcanic mesas 10 to 20 miles north of 
the New Mexican boundary. The following description applies 
primarily to the northern portion. 

San Luis Valley is a striking feature when viewed from the 
neighboring heights. Seen in this general way it looks perfectly 
flat, the mountains rising abruptly on all sides, and on the east 
almost precipitously. Viewed from the basin, the floor is seen 
to slope, not so much to the Rio Grande which traverses the 
valley, os toward a north-south axis near the east side, marked 
by the small San Luis River. Near this axis the slope is only 
three to six feet per mile but the slope increases toward the 
borders until it becomes 50 to 150 ft. per mile near the mountain 
foot.* The slopes here described are plainly those of alluvial 
fans. Generally adjacent fans meige into a single inclined plane, 
but from the gorge where the Rio Grande emerges from the 
mountains on the west a broad fan spreads out with a radius of 
at least 25 miles, The greater load of the larger streams from 
the west has correspondingly broadened their alluvial slopes and 
shifted the axis of the valley eastward, The streams from the 

' Well described and figured by M. R. Campbell, Guidebook of the 
Western United 8tat«, U. S. Geol. Survey, BuU. 707, pp. 92-93, 1922. Camp- 
bell 'a description at this place and on page 102 would imply that the prespni 
course of the Arkansas at this place has surv'ived from a time when ihc 
valley wns “filled to a great depth with saiid and gravel," i.e., presumably 
to the level of the highcet present terrace. It is further implied (p. 92; 
that this waa at a time when the country lay near aea-lcvcl, «-c., before the 
uplift of the last peneplain. This would assume that the depth of the valley 
is to be accounted for by crustal movements except for that amount which 
may be ascribed to erosion of Tertiary sediments. 

»See map; Siebenthal, C. B-, Geok^' and Water Resources of the San 
Luis Valley, Colorado, U. S. Geol. Survey, Wai. Sup. Pap. 240, 1910. Man} 
facts stated below arc from this source. 
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east are necessarily short, but they are also swift, hence the coarse* 
ness of their load and the steepness of their alluvial slopes. 

Erosional features are almost totally wanting. The Rio 
Grande has incised the surface only a few feet. Several smaller 
streams from the mountains enter it but there are practicaUy 
no tributaries from the plain. 

All the streams flowing from the adjacent mountains into the 
northern half of the valley are lost by percolation and evapora* 
tion from lakes without outlet. One of these, the Saguache 
which joins the San Luis mentioned above, is second in size to 
the Rio Grande alone. In view of the high altitude and resulting 
cool climate and the lack of excessive aridity, this great loss of 
water by percolation indicates a remarkable porosity of the under- 
lying formations. From this cause the Rio Grande itself in the 
first 15 miles after entering the valley, loses about one-fifteenth 
of its flow.* 

The effect of wind is seen almost everywhere in (he piling 
up of the soil around or in the lee of the scattered grease wood 
bushes, the most conspicuous native vegetation. In this contest 
for the mastery between vegetation and wind, the former gener- 
ally holds a precarious advantage but in certain spots the wind 
is master and typical dunes cover the surface for miles. As the 
prevailing winds arc from the southwest, the chief area of this 
kind is on the cast side of the valley. 

The San Luis Valley necessarily had its inception in the making 
of the Sangre dc Gristo and San Juan Mountains but the present 
depth of the basin, like the height of most of the Rocky Moun- 
tains, is due to repeated crustal movements. At a comparatively 
late time the San Luia Hills (page 130) were raised across its 
drainage course, partly by volcanic eruption and partly, It 
appears, by a fault of more than 1,000 ft. by which the floor 
of the valley was depressed.* This caused a great fresh-water 
lake which was ultimately filled by alternating beds of sand and 
clay, the Alamosa formation, from which large supplies of artesian 
water are now derived. After the basin was filled the alluvium 
was laid down on lop as already described. For the time being 
this surface cannot be dissected, for the local base level of the 
valley is determined by the hard volcanic rocks which (he Rio 
Grande must cross in passing out. 

' Colo. Agr. Coll. Bull. 40, p. 30; cited by SicbenthaJ, Ibc. cU., p. 55 

•SlfcBENTHAI., C. E,, Uk. cil., p. 61. 
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Of all the great valleys of Colorado the San Luis has the least 
timber — practically none. Grass is its most valuable vegetation, 
though greasewood and sage brush are more abundant. Grazing 
is thus greatly favored. Agriculture, despite the altitude, is 
favored by the topography and by the supply of water for irri- 
gation. This water comes both from streams and from wells. 

The San Luis Valley is a simple artesian basin In which the 
strata are alternately porous sand and impervious clay. The 
beds of sand come to the surface near the edge and thus receive 
the water of the streams from the mountains. In 1904 there 
were already 3,234 artesian wells with an estimated average flow 
of 40 gals, per minute. Much of this water is used for irrigation. 
It was estimated that this was sufficient to irrigate 25,000 
acres or nearly 40 8<|uare miles. 



CHAPTER nr 


WYOMING BASIN 

ReUtions to Other Provinces— The continuity of the Rocky 
Mountain System is interrupted by the Wyoming Basin (Fig. 
49). The floor of this basin is a plateau with a maximum east- 
west dimension of about 250 miles and a north-south dimension 
of nearly the same. Its total area is nearly 40,000 square miles. 
It is bordered for the most part by abrupt mountain slopes, 
indented by long spurs and studded by isolated mountains. The 
altitude of the plateau surface is generally between 6,500 and 
7,5CN!) ft. Through an opening between the Bighorn end Laramie 
Mountains this basin door is continuous with the Great Plains, 
and by a similar opening east of the Uinta Mountains it is con- 
tinuous with the C/Olorado Plateau (page 136). 

While the middle Rocky Mountains are topographically 
separated from the southern, they are not independent. Struc- 
turally they should be thought of rather as one continuous 
system with a local sag in altitude. Within this sag, the moun- 
tains are for the most part buried by younger sediments as those 
of the Caribbean are partly covered by the sea. 

STRUCTURE 

Mountain Trends. — The form of the Wyoming Basin is depend- 
ent on the local trend of the neighboring mountains. This trend 
in Colorado is almost north-south, but the middle Rockies are 
much offset to the west. The 108th meridian lies entirely west 
of the southern Rockies but lies entirely east of the Middle 
province except for the semi-dclached Bighorn Range. This 
offset is accomplished by a compound curve in the middle of 
which the trends are almost east and west. The Laramie Range 
at its northern end curves toward the west and stops. In line 
with it and farther west are the isolated groups of the Rattlesnake 
Mountains. A few miles south of these is a line of granite knobs 
called Sweetwater Mountains, and south of these is a broken 
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Pio. 49._j||<|^x intp of the Wyonuns Btsio end Middle Rocky MounUloe. 

(Drowo by Cu^'-Herold Snulh.) 


mountains and hiJIs are the tops of partly buried structures which 
connect the Laramie Range on the east with the Wind River 
Range on the west. 
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CoQnecting the elbow of the Bighoro Range with the end of the 
Laramie ia the “OU Mountain Anticline,*'* marked by the out- 
cropping of older rocks making monoclinal ridges for most of the 
distance.* The most prominent of these may be followed in 
delimiting the Wyoming Basin from the Great Plains. Aside 
from these axes are some isolated uplifts standing in no definite 
relation to others. The Rawlins Hills (page 137) are roughly 
in line with the Park Range of the southern Rockies and 30 miles 
beyond its northern end. On the 109th meridian, midway 
between the eastern ends of (he Uinta and Wind River Ranges, 
is the extensive and much eroded Rock Springs dome. 

Subordinate Basins.— The uplifted axes named above divide 
the province into a number of more or less separate basins. The 
Laramie Basin has for its eastern and northern rim the curving 
Laramie Range. On the west is the Medicine Bow Range which, 
a few miles south of the Wyoming-('olorado boundary, merges 
with the Laramie and encloses the basin on the south. North 
of the Medicine Bow, the western rim Is neither geologically 
nor topographically continuous. The entire basin is about 9C* 
miles long and 30 miles wide. Its northern end is the Shirley 
Basin. 

The Carbon Basin* lies between the Laramie Basin on the easi 
and the Rawlins Hills on the west, the Pork and Medicine Bow 
Ranges on the south and the Ferris, Seminoe, Shirley, and 
Freeseout Mountains on the north. It b far from being a simple 
basin, but it b a strongly characterised and well-recognized 
district (page 141). Between the Rattlesnake and Wind River 
Ranges on the south and the Owl Creek Mountains on the north 
is a long synclinal trough called, as a whole, the "Shoshone 
Basin." The better known name "Wind River Basin" belongs 
to its western half. 

The term "Great Divide Basin" (page 143) b used chiefly 
in a hydrographic sense for the area of interna! drainage 4,200 
square miles in extent, which b roughly limited on the east by 
the Carbon Basin, on the north by the Green Mountains and 

* WoonauFF, E. 0., and Wikchbstbr, D. E., OmI Fioldt of the Wind 
Ilivor Region, Wyoming, U. 8. Geol. Survey, BuU. 471, p, 520. 

* Goologic map of Wyoming, 1025. 

*Tbia name and Shoehono Baaio are taken from the " Ueeonnalssanro 
Geological Map of Wyoming” by Wilbur C. Knight, Ualvenity of Wyom- 
‘i'V., about loot. 
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Antelope HU Is, and on the west by the Rock Springs uplift. 
The structural depression of which this is a part, continues south 
into Colorado but the districts to which welUrecogni zed names are 
applied do not cover the entire area. The Washakie Basin, 
southeast of the Rock Springs uplift, is a structural but not a 
topographic basin. South of it, in northwestern Colorado, 
lies the Yampa Drainage Basin, known by the name of its 
master stream. 



Fio. 50. — Canyon cut by tho Shoahona Kivor acreoa Rattlcanako Mountain in 
Uighorn Daain of th« Middl* Rocky Mountain province. This etream illuatratca 
the auperimpoaed drainage of the Middle Rocky Mountaina and Wyoming 
Baain, The mountaina were buried and ha>*e been eahuoied by the erodon of 
the aurrounding weak rocka eince the river* took their courace. This canyon la 
now the aite of one of the bigheet dame in the world. The water thus impounded 
is used for irrigation in the Bighorn Basin. (V. S. Otot. Suney.) 


The Bridger Basin is a structural depression drained by the 
Green River. It lies west of the Rock Springs uplift and reaches 
the limits of the province on the north, west, and south. 

DRAINAGE 

The drainage of the Wyomii^ Basin is remarkable. In passing 
through or out of the basin scarcely a stream fails to cross one 
or more mountain ranges. The Laramie escapes to the cast 
through a canyon across the Laramie Range. The North Platte 
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after cutting through mountains to get out of North Park, 
crosses two more range.'^, the Seminiio and the end of the 
Laramie Hills, before reaching the Great Plains. The Sweet- 
water flows east across the end of the W’ind River Range and 
in and out among the granite hills of the Sweetwater Range 
before it finally joins the Platte. The Bighorn River which 
gathers the waters of the Shoshone Basin, cuts through the 
mountains by a canyon 2,250 ft. deep instead of taking the easy 
eastward course over the plains to the Platte. The Green River 
in the western part passes to the south through the Uinta Moun- 
tains by a 3,000-ft. canyon. Its eastern tributary, Bitter Creek, 
flows entirely across the Rock Springs uplift, cutting through 
great hogbacks in notches 1,000 ft. deep. The Yampa in north- 
western Colorado enters the Uinta Range at its eastern end and 
traverses it lengthwise until it joins the Green in the midst of 
the mountains. For drainage which is out of harmony with the 
major topographic features, this province is the most remarkable 
in the United States. 

The Continental Divide follows the Wind River and Park 
Ranges. Between those there is no connecting crest. Here is 
the Great Divide Basin from which no drainage reaches the sea. 
The very indefinite divides which separate it from the Atlantic 
drainage on the one hand and the Pacific on the other, lie only 
locally on ridges but elsewhere in the midst of broad expanses 
of plains. 


TOPOGRAPHY 0? ITPLIFTS 

The mountains within the Wyoming Basin are all low. Some 
of them, like the surrounding high mountains, have granite cores 
paralleled by hogback ridges. The Sweetwater or “Granite*' 
Range shows nothing but patches of a granite core almost buried 
by the Tertiary sediments which make the adjacent basin floor. 
The Rawlins Hills consist mainly of hogbacks or cuestas sur- 
rounding and almost concealing a small but steep granite dome. 
Only a part of this mountain structure rises above the Tertiary 
floor of the basin, the western part being faulted down and buried. 

The Rock Springs uplift, though not now mountainous, is an 
elliptical mountain uplift, which if there had been no erosion 
would rise 10,000 ft. above its base.* In the wearing down of 

> Kbmk J. F., and Knioht, W. C., The Uncite Hills of Wyoming. GooJ 
8o.\ Amer. BmU., vol, 14, p. 310. 1903. 
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this dome the stronger sandstones have remained as hogbacks 
on the west where the dip is sleep (locally 30 deg.) and as cuestas 
on the east where dips do not exceed 10 deg.* The principal 
monoclinal ridge (Mesaverde, Cretaceous) is at places 1,000 
ft. high and surrounds the elliptical “Baxter Basin'’ carved out 
of the softer underlying shales for a width of 15 miles and a 
length of 40 miles. Outside the first ridge is a succession of 
hogbacks and cuestas separated by strike valleys. The outer- 
most cuesta, at least as high as the innermost and 5 to 10 miles 
distant, is of Green River (Tertiary) beds deeply dissected. At 
places it stands up in table-like plateaus. Elsewhere it forms a 
belt of gigantic badlands. These decline westward and merge 
with the floor of the Green River Basin. This cuesta on the 
east is the Laney Rim (page 144). 

A noteworthy uplift is that which connects the Uinta Moun- 
tains and the White River Plateau of the Southern Rocky 
Mountain province (page 1 15). Extending all the way from one 
to the other, is an anticline whose axis has been deeply eroded. 
The continuous and sharply outlined trough thus formed is 
called Axial Basin. ^ Id its western half this trough is followed 
by the Yampa River. The eastern half is not followed by any 
one stream but is crossed by several, The continuity of the 
trough is not that of a single river valley, but that of a belt of 
weak rocks exposed by unroofing the anticline. 

Rising abruptly from the floor of this trough are two isolated 
mountains, Juniper Mountain (Yampa Peak) and Cross (Junc- 
tion) Mountain. Except for their small areas they are structur- 
ally like the Uinta Mountains and the White River Plateau 
between which they lie. The Yampa River transects both these 
uplifts in canyons instead of turning slightly aside to follow the 
smooth floor of Axial Basin. 

Between Axial Basin on the northeast and the White River 
(the arbitrarily chosen boundary of the Colorado Plateau) on 
the southwest, is an area of somewhat confused folds which have 
/ot, like the Axial anticline, been reduced to lowlands. On these 
folds are the Danforth Hills’ whose highest summits rise 2,000 

‘ScHUUTs, A. R., U. a G«ol. Survey. BulL 381, p. 218, 1910; also 
U. S. Geol. Survey, Bull. 341, pp. 25^282, 1909. 

* White, C. A., ciud by Bachler. G. K, V. 8 . Gaol, and Geogf. Survey 
of the Territoriaa, 10(A Ann. fUpt., p- 363, 187S. 

> For description sec Gai^ H. a, Cod Reids of Northwestern Colorado 
and Northeastern Utah, U. a Geol. Survej*, Bull. 415, p. 25, 1910. 
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ft above the borderiog valleys. This dislrice is intermediate 
in character between the Mountain and the Plateau provinces. 
Structurally it is a connecting link between the Southern Rocky 
Mountains and the Uinta Range. It may be assigned to the 
mountains or to the plateaus according as the chief interest is 
in structure or in topography. On the whole it is believed 
to have more in common physiographically with the plateaus. 

The Wyoming Busin contains two noteworthy areas of vol- 
canic rocks. The Leucite Hills' at the north end of the Rock 
Springs dome occupy an area about 25 miles north and south by 
30 miles east and west. They are chiefly remnants of older 
cinder cones but their principal physiographic significance is 
in the fact that lava sheets seem to have been poured out on a 
surface of low relief, elsewhere destroyed by deep erosion but 
preserved beneath these lavas at an elevation of SOO to 1,200 
ft. above the surrounding valleys.* I'hc other volcanic uica 
is that of the Dlkheud Mountairts at the west foot of the Park 
Range in northern Colorado. These are likewise flat-topped 
remnants of sedimentary rocks protected by sheets of basalt 
at altitudes 2,000 to 3,000 ft. above the plains, 

PLAINS TOPOGRAPHY 

General Features. — The Wyoming Basin is In largo part under- 
lain by Tertiary strata deposited since the great mountain- 
making movements along with similar strata on the Great Plains 
that rise to the same height against the eastern foot of the Big- 
horn Range and others on the Colorado Plateau abutting against 
the southern foot of the Uinta Range. Over large areas these 
strata are horisontal but gentle dips arc common. The present 
surface dues not represent the limit of Ailing; everywhere it has 
been lowered by erosion. The rocks arc generally weak but of 
different degrees of weakness so that in their wasting away 
escarpments arc produced (Fig. 54, page 144). 

The topography of the basin floor varies Jiccording to the 
strength of the rocks and the position of the strata. Weak 
horisonlal beds are more or less perfectly peneplancd. Such 
conditions arc found chiefly in the centers of broad structural 

* Kemjs J. V., and Kniomt, W. C., THq Lirucile Hills of WyoniiiiR, 
Geol. goc. Amer. BuU., vol. 14. p. 311, 1003. 

•UiCH, John L., The Pljywucrtphy of thv Bi«Wp Conglomprao* ot 
South wcalcm Wyoming, Jour. Ocoi., vol. XVHI, p. OOs, in 10. 
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depressions like the Laramie and Great Divide Basins. As 
the peneplain is not often exactly parallel to the strata, low 
escarpments are common. Where the strata are parallel to the 
surface, low flat table lands may remain slightly above the gen- 
eral level. Considerable areas of badlands occur, some of them 
on the unreduced cueslas, others near streams that are trenching 
the general level 

On the margins of basins the strata are generally more or less 
inclined, first gently and then more steeply as the enclosing 
mountains or local uplifts are approached. The low scarps of the 
flatter plains thus give way to cuestas, some of them hundreds of 
feet high and deeply dissected. Where the tilt is sufficient, 
cuestas give way to hc^back ridges. This is generally on the 
older (Cretaceous) rocks which participated in the Laramide 
deformation and now make the foothills. They include some 
strong sandstone strata. Where the strong C'retaceous sand- 
stones are nearly honsontal, as on the west side of the Park 
Range, there arc deeply dissected plateaus. 

Influence of Climate. — Some of the prominent features of this 
province are due to its climate. Among these the Great Divide 
Basin of internal drainage has already been mentioned. Smaller 
areas of this kind are not uncommon. Some smaller streams 
flow east from the Medicine Bow Mountains but fail to reach 
the Laramie River only 16 to 20 miles away, several of them stop- 
ping in lakes which, though without outlet, are practically fresh, 
indicating that percolation from them to the Laramie River is 
so rapid as to prevent concentration of their waters.^ Many 
streams throughout the province are intermittent. Alkali 
flats are common. Sand dunes are locally important and even 
silt dunes occur. The northern part of the Rock Springs uplift 
has a considerable area in which sand dunes dominate the 
topography. In the Great Divide Basin the want of vegetation 
among the alkali flats permits the soil to drift. Where the process 
is active enough, silt dunes are formed.^ 

There arc some hollows of great sise, evidently excavated by 
the wind. One of these, Big Hollow in the Laramie Plains, is 
nine miles long, three miles wide and 150 ft. deep below the lowest 
point of its rim. Such excavation is favored by a substratum of 

^ Dartok, N. H., and Sioenthal, C. E,, U. S. G«ol. Survey, Bull. 364, 

D. 9, 1909. 

* Smjth. E. E,, U. S. Geol. Survey, Bull. 341, p. 221. 
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shale which weathers to a fine dust. Elsewhere curiously carved 
rocks, many of them being of mushroom form, also attest the 
strength and efficiency of the wind in this province. 

Laramie Basin. — Speaking generally, the fioor of the Laramie 
Basin is a plain of small relief. Its altitude increases from 
7,000 ft. at the northern end to 7,500 ft. at the southern end.' 
Its surface also rises gradually toward the mountain borders. 
Reference has been made above to the failure of some sti'cams 
from the Medicine Bow Mountains to reach the Laramie River 


and to the great hoDows excavated by wind. The larger streams, 
especially the I>aramic River, have broad bottom lands which, 
owing to the altitude, arc adapted to hay rather than to cereals. 
Cattle raising is most important. Agriculture and irrigation 
are subsidiary to this. The synclinal structure of the Laramie 
Basin and the character of iU rocks make it an artesian basin. 
It has flowing wells from more than one stratum. 

Carbon Basin.— Between the Laramie Basin on (he cast 
and the Great Divide Basin on the west, (he Cretaceous rocks 

• Dartom, N. H., and Siebbwthal, C. E., Geologv «nd Water Hceourcefl 
of the Laramie U. 8. Geol. Survey, BuU. 304; a(so, Uramii-Kherman 
folio 173, U. S. (JeoJ. Survey, 1910; and Haqvb, A-, "40th ParaltcJ Kurvev ” 
vol. II, pp. 73-74 • ' 


Fin. 51.— View tirroM the Plain* lookina •wiiUwert; Little LorumJe 

Jliver in foreground; Modicine Sow Muuntalne in iMekaround. Ahlhide of cho 
plain ut this )>lQec about 7.20U 0. (t'. S. 6W. Snrvev-) 



142 PHYSlOGRArm' OF WBSTERK U^'lTED STATES 

are much affected by minor folds. Generally the dips are not 
steep. Because of the general degradation by erosion, the strong 
sandstone strata make numerous monoclinal and some anticlinal 
ridges.' The general elevation is from 6,500 to 7,000 ft. The 
same prevalence of escarpments, rock benches, and dip slopes, 
with a general lack of perfect flatness, is witnessed in the drainage 
basin of the Sweetwater among the partly buried mountain axes 
which connect the ends of the Laramie and Wind River Ranges. 

Shoshone Basin. — The Shoshone Basin embraces in its 
middle and eastern portion large areas of good grating land of 
low relief on the rather weak horisontal Tertiary beds.* At 



Fta. 52.«— Badland topography in tha Wind ni^*ar Badn. Showa domJnanea 
of (ha ciTccta of running aratar avan in tha dnaat parta of (ha dietriot. (Fhole 


intervals coal-bearing Cretaceous rocks are upturned against the 
marginal uplifts forming hogback ridges and strike valleys. The 
Wind River Basin is roughened by deep erosion which has plainly 
been revived since the last peneplain was made. Most of it is a 
barren waste, much of it badlands (Fig. 52}.* The Wind and 
Bighorn Rivers and a few tributaries have flcNDdplains a mile or 

^ See Veatch, A. C., Coal fields of Central Carbon County, W^'oming, 
U. 8. Geol. Survey, B\dL 316, pp. 244-245, 1907. 

• WooDROPr and Wincmbsteh, V. S. Ceol. Survey, fluff. 471, p. 520; 
ScBRAnsR, F. C., Gold Placers on (he Wind and Bighorn Rivera, Wyoming, 
U. S. Geol. Survey, fluff. 560, pp. 128-129, 1914. 

* Eldridoe, C. H., a Geological Recopnaiaaance in North weeteni Wyom- 
ing, V. 8. Geol. .Survey, fluff. 119, p. 17. 1694. 
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more in width affording valuable farm lands.’ The revival of 
erosion is locally discernible also in the eastern part of the Sho- 
shone Basin as at “Hell's Half Acre“ near the Powder Kivor, 
an area of 10 to 20 acres, in which the bright-colored Wind River 
shales are eroded to a depth of several hundred feet and minutely 
and fantastically dissected into badlands. 

Great Divide Basin. — The Great Divide Ba.sin, south of the 
Antelopo-Green Mountain axis and east of the Rock Spnng.s 



^G. 63,--VI<'w in th^ np«l DwrJ rmt <tf fiork Sjirinsfl upUfi. an ex«'opf j<mully 
nnd rw't of the Wyomina Uruin. hnvinie an annual rninfall of )pu Ihun JO iit. 
The Murlatone-ouppPfl intUn in the ilMaiicc iruJicutc tliul tUp pluiu u llir 
taault of vidMpread dcKrndaiivu. (Pfcofo /umwAcrf by Gmon Paeiftc 
f/- S. (7«f, Suney. Bull, dl'i.) 


uplift, is mainly on soft Tertiary strata which are nearly h(iriy/(«e- 
tal. These strata arc in part brightly colored and yield a light 
clay soil of red color. The area thus underlain i$ locally calloil 
the “Red Desert.*'* It embraces most of the Great Divide 
Basin and extends south and southwest to the Uinta Mountains. 
The Red Desert has a very low relief. Northward toward 
the Green Mountains and east wan! toward the Rawlins Hills, the 
strata incline upward, thus hrinf^ing C'retacoous rocks to\he 

‘ WooDuury, E. C,., TKr I-au.lor Oil Fiplcl, Wyoming, V. 8. Cool. 

452, p. 8, Idll. 

* Kmuonk, 8. P., *'40tK PanilM Survey,” ^*01. 11, p. 211. 
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surface. Here is a belt of dissected cuestas.' The Great Divide 
Basin as a whole is not a single topographic depression but 
embraces a number of alkali lakes and playas. The internal 
character of its drainage is dependent solely on deficient rainfall. 

Washakie Basin. — Between the Great Divide Basin on the 
north and the Colorado boundary on the south is the synclinal 
Washakie Basin, a structural but not a topographic basin. The 
surface is not low, for within the structural depression higher and 
younger strata (Green River and Bridger formations) have 



F:o. 64.~Tcmc« Mc«rpimnt topornphy on nearly hoHsontal Eocona 
boda. The area hen lios at th« weatern odc« of the U’yomina PaiiR 

miJoa eaat of Kammarpr. Tha topocraphy fa typical of the baain floor 
where tha aurfar>« ia not quite parilkl lo tha bedding. Many extanaive vfcwj 
are like tha ooa hara pic<urad» but without tha aacarpmant. <t^ S. Ont. Sumu-) 


escaped erosion. These now form huge cuestas facing outward 
in scarps which rise locally from a few hundred to 1,000 ft. above 
the surrounding country. Where the out-facing cuesta is highest 
it bears local names, Washakie Mountain on the east, Laney 
Rim and Cathedral Bluffs on the north. Table Rock on the 
northwest, Pine Bluffs on the west. Cherokee Ridge on the 
south is anticlinal and separates this basin from the irregular 
Yampa Basin to the south. The great cuestas here described 
arc at places exceedingly dissected, causing badlands of coarse 


^ SuTTH, E. E., U. 8. Gcol. Survey, 5uU. 341, p. 221. 
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texture, broken dip slopes and isolated buttes.’ The formations 
exposed in these badlands are famous for the great vertebrate 
fossils which they contaio. 

Between the Washakie Basin on the west and the Park Range 
on the east is a belt 30 to 40 miles wide on Cretaceous and lowest 
Tertiary strata. These dip slightly westward, their stronger 
beds making broad cuestas, sharply, and al places deeply, dis- 
sected, their weaker beds making longitudinal valleys.^ 

Yampa Basin. — That part of the Wyoming Basin which lies in 
northwestern Colorado north of Axial Basin is uffccted both in 
structure and in topography by mild folding, generally more or 
leas parallel to the axial anticline. Broad areas of small relief 
are thus separated or interrupted by scarps and diaseeted cuestas. 
At least one cuesta is high enough to be locally called the ^'Wil- 
liams River Mount ains.^' Its escarpment looks to the southwest 
over the anticlinal valley of Williams Fork which flows north- 
westward from the White River Plateau. 

Bridger Basin. — A structural and topographic basin drained 
by the Green River occupies all that part of the province which 
lies west of the Rock Springs uplift. Except for the 3,(X)()-ft. 
canyon which the river has cut across the Uinta Range this basin 
is completely enclosed. Its lowest part is not far from the point 
whore the Union Pacific Railroad crosses the Green River. 
North of that, the river flows in a broad shallow valley, but to 
the south, as the basin floor rises toward the Uinta Mountains, 
the immediate valley of the river becomes a canyon whose depth 
increases to 1,000 ft, before the mountains are reached. The 
rise of the plain from the lowest part of the basin floor to the base 
of the Uinta Mountains is 2,000 to 3,000 ft. 

The floor of the Bridger Basin is in large part a plain developed 
by erosion on soft flat-lying strata. Parts of it near the river 
arc dissected into badlands by renewed erosion. Near the Uinta 
Range where the slope is considerable and vigorous streams come 
down from the mountains, badlands of coarse texture are found 
on a large scale. 

Bishop Mountain and Similar Mesas.— North of the Yampa 
Basin and stretching cast and west near the Colorado- Wyoming 

' Bali., M. W., Western Part of th« Little 8n«k« River CobI 
Wyoming, U. 8. Gcol. Survey, BuU. 341, p. 244, 1909. 

» Ball, M. W,, loe. cii.; also. Ball, M. W., and Stebjmobr, Euoenk, 
Eastpm Part of the Little Snake River Coal Field, W 3 'omjnE U 8 Oe«d 
Burvey, 381, pp. 188-189, 19 la » • • . 
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boundar}' is a series of widely separated mesa-like remnants of a 
forme* plane surface which lay from a few hundred to several 
thousand feet above the present surface.* Most of these rem- 
nants are only two to five miles wide. Several of them are 10 
to 20 miles long. Most of them are separated a few miles (rarely 
more than 10 or 12) from the Uinta or Park Ranges. Their 
surfaces generally slope north, f.e., away from the neighboring 
mountains. Those which border on the Uinta Mountains reach 
altitudes approaching 10,000 ft. along their southern edges. 
Those which lie farther north are lower. The northward slope 
of the several mesas (and of the plane in which their summits 
lie) is generally between 50 and 100 ft. per mile. The lateral 
slopes leading down in all directions from the fiat summits arc 
not precipitous: in many cases they are very gentle and of rolling 
character, so that the mesa is not a clearly outlined eminence. 

All these tabic lands are capped by coarse gravel from a few 
feet to a few hundred feet thick, locally consolidated to a con- 
glomerate called the "Wyoming” or “Bishop conglomerate.”* 
The interest In these mesas is largely in their contribution to 
the physiographic history of the Wyoming Basin. They are 
fragments of a once continuous graded surface above which the 
Uinta Mountains rose but slightly. They are similar in origin 
and significance to the mesas east of the Front Range of Colorado. 

PHYSIOGRAPHIC HISTORY 

The chief questions in the physiographic history of this prov- 
ince are: (1) what is the origin of the curioxis drainage courses, 
and (2) is the height of the mountains above the basin due to 
original uplift or to differential erosion. In other words, are 
they first-cycle mountains or second-cycle mountains? The 
answers to these questions are closely related. 

Origin of Drainage Lines. — The Green River was long used 
as a typical illustration of antecedent streams.* It was assumed 

• Sec maps of the *‘40th Parallel also geological maps of Wyom- 

ing and Colorado. 

» Rich, Johk L., The Physk^raphy of the Bishop Conglomerate, South- 
western Wyoming, Jour, GeoLj vol. XVIII, pp. 601^32, 1910. 

* Powell, J. W., National Geographic Monograph 2, Nat. Geogr. Soc., 
1894; White, C. A., Ceok^ and Phj-aiography of a Portion of North- 
western Colorado and Adjacent Parts of Utah and Wyoming, U. S. Geoi* 
Survey, 9th Ann, fUpt., p. 707, 1887; On the other hand it is noteworthy 
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that the mountain upli t occurred after the river had its present 
course. There is now ample evidence that the mountains are 
older and also that the basins were more deeply filled with Ter- 
tiary sediments than at present. Moreover, if the hypothesis of 
antecedence were accepted for streams crossing the Uinta Moun- 
tains, it would still be necessary to account for the streams which 
cross all the other ranges around and within the basin. 

A simple hypothesis to explain the anomalous courses of all 
the streams is that, after the mountains were made and were 
being eroded, sediments were deposited in and around the basin 
to such a depth that they rose above the ranges at the places 
where streams now cross them. The streams were thus super- 
posed. This is believed to be the only hypothesis adequate to 
explain the wholesale disregard of present-day mountains by the 
streams. It does not deny that the mountains may have been 
repeatedly increased in height. It is known that extensive warp- 
ing and faulting occurred, at least at or near the close of the 
Miocene and perhaps also later, but this does not affect the gen- 
eral outlines of the history here given. 

Older Erosion Cycle. — The above explanation of the drainage 
courses implies that the mountains owe several thousand feet of 
their relative altitude to differential erosion during which they 
held their own while the weak rocks of the adjacent plains and 
basins wasted away. C'onccming this there is other evidence. 
Most of the surrounding mountains have been interpreted as 
carved from an upraised peneplain. It is plain that when these 
mountains were approaching the local base level the surrounding 
country must have been at approximately the same level; i.e., 
the Wyoming Basin must have been essentially full. 

Superposition of streams is not uncommon and its effects are 
widespread but nowhere else in the UnitM States is it found on 
so grand a scale. It is not intended to assert that all the pene- 
plains traced in these mountains were made at the same time; 
but probably no serious error is involved in thinking of the 
whole Rocky Mountain region in relatively late geologic time as 
a surface of only mild relief, part of it aggradational and flat, 

that 8. F. Emmone in the Reports of the *'40th ParalJel Survey,” VoL n, pp 
IW and 197, explain* the courac* of the Green and Yampa Rivera hy 
Buperpoaition; Hancock, E. T., V. 8. Geol. 8urvo', Pro/. Pop. 90, pp. 183- 
IHO, 1014, givea a critical diseuaaion of the history of the Yanipa River aii<l 
the oontroveray coneemin* the origin of the Grwn River. 
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the rest degradatiODal and rolling with only local hilly tracts. 
Such a condition favors the superposing of streams. 

Newer Erosion Cycles. — The vast erosion by which the 
stumps of the mountains were exhumed, the basins reexcavated, 
and adjacent portions of the Great Plains cut down, was made 
possible by uplift. In the main this took place without deforma- 
tion though uplift along the old axes was probably greater than 
elsewhere in most cases. When the great erosion started, the 
surface of the Wyoming Basin itself was either peneplain or a new 
pi ai n of deposi t ion ; probably i n pa rt , one ; in part , t he other. Dur- 
ing the progress of down-cutting, many local peneplains may have 
de vclo ped o n t he rel a t i vely sof t sedi men ts. W het her any porti on 
of the first widespread peneplain is preserved on the mesas 
capped by the Bishop conglomerate is uncertain; probably not. 
Beneath this conglomerate is an old erosion surface, perhaps 
of the same age as that beneath the lavas of the Leucite Hills 
(page 139). All such surfaces indicate the partial rcexcavation 
of the basin. 

Evidences of three or four stages id the final denudation are 
locally preserved in and around the mountains.' The stage of 
most importance since the uplift is that in which the newer wide- 
spread peneplain was produced on the soft rocks, as in the Great 
Divide, Shoshone, and Laramie Basins. It is not certain that 
these well-developed plains in different parts of the province can 
be correlated as the work of the same stage. At places these 
plains are now being trenched by revived streams. 

RESOTTRCES 

Taken as a whole the Wyoming Basin is primarily a grasing 
country. Considerable parts of it have too little vegetation 
even to support herds. Agriculture is possible chiefly around its 

» Westoate, L. G., and Brawson, B- B., The Later Cenaaoic Hiatory of 
the Wind River Mountains, Jour. Geol., vol. XXI, pp. 147-161, 1913; 
BIack WELDER, Eliot, Po«t-CretaccoU8 History of the Mountains of West 
Central Wyoming, Wash. Arad. Sci., Jour., vol. IV, p. 445, 1914. 
welder recogniaes the following as the chief events of late geologic history: (D 
mountains made by folding and tbruat-fauWng at the close of Cre^eous 
time; (2) deep eii»ion; (3) fluvial deposition lasting at least to the Miocene; 
(4) gentle folding and normal faulting (probably Miocene); (6) almost com- 
plete peneplanation (Pliocene); (6) uplift and erosion, excavating the bamns 
and exhuming the mountai ns. Four cycles or stages are distinguished m this 
last period of erosion, associated with three glacial stages in the mountains. 
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borders, on the flood plains and sometimes on narrow terraces of 
the streams which descend from the mountains. The Yam pa 
Valley is probably the most favored in this respect. 

The chief mineral resource is coal, the amount of which is 
large. Economically, it is significant that these important coat 
fields occupy a gap in the Rocky Mountain System. Through 
this gap the first transcontinental railroad was built. 

The moderate folding of the rocks is favorable to the accumu* 
lation of petroleum. This has been found in commercial (piun * 
titles at various places, notably in the Laramie and Great Divide 
Basins. The same is true of the Bighorn Basin but the great, 
oil developments for which Wyoming is best known arc on the 
margin of the Great Plains. 



CHAPTER IV 


MIDDLE ROCKY MOUNTAIN PROVINCE 
THE PROVINCE AS A WHOLE 

As Doted on page 92 the Rocky MounUin S 3 ^tem is not 
entirely continuous as a topographic feature. The southern 
Rocky Mountains are wholly cut off by the Wyoming Basin and 
the width of the mountain belt is again reduced to a few miles 
where the Yellowstone lava plateau approaches the Great Plains 
in southern Montana. This remarkable constriction is one of 
the reasons for distinguishing the Middle from the Northern 
Kooky Mountain province. Another reason is their difference 
in character (pages 92 and 183). The ranges of the Middle 
province, like those of the Southern, are in the main linear uplifts. 
Most of them are orographic units, a single range corresponding 
to a single anticlinal uplift or fault block, though this relation 
is not universal (see page 158). 

YELLOWSTONE PLATEAU 

General ReUtioiis. — Yellowstone Park is not in the main a 
mountain country. It has been included in the Mountain prov* 
ince for what seem to be sufficient reasons but most of the area 
is a high volcanic plateau contiguous with the lower Snake 
River Plateau on the west. If the Northern Rocky Mountain 
province were limited to mountains alone, it would be all but 
severed at this place. The Snowy Range north of the Park and 
the Absaroka on the east are all that intervene between the Great 
Plains and the intermontane plateaus (Fig. 49, page 134). A 50- 
mile stretch of the Yellowstone River where it flows north from 
the Park separates all the mountains to the north and west from 
all the mountains to the south and east. It is no doubt true that 
the lavas of the Yellowstone and Snake River Plateaus conceal 
minor folds that would connect the mountains to the northwest 
with those to the southeast, but the lava filling is so deep that, 
were it removed, a remarkably deep, broad, and straight depres- 
sion would lie at right angles across the mountain system. 

150 
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The Yellowstone Plateau is marked off from the Snake Ri\'er 
Plateau by its superior altitude. The former was an upland 
when the basalt flowed out over the valley to the west and came 
to rest with surface abutting against the old upland. A descent 
of 1,000 ft. or more occurs 10 to 20 miles west of the ParkJ On 
the north, east, and south the rhyolite plateau abuts in turn 
against the Madison, Gallatin, Snowy, Absaroka, and Teton 
Ranges beside minor uplifts on the south. 

Topography.- — The altitude of this plateau is generally between 
7,500 and 8,500 ft. It is drained chiefly by the headwaters of 
the Yellowstone River but the Madison River drains its western 
margin except for the southwest corner which is in the basin of 
the Snake. The Continental Divide therefore traverses the 
plateau between ranges of mountains. The divide itself is 
inconspicuous. Only locally does it even follow a ridge. 

The relief consists chiefly of narrow erosion valleys, some of 
them more than 500 ft. deep, the largest and deepest being that 
of the Yellowstone River (Fig. 56), in some respects a special case 
(see page 154). Minor escarpments, some of (hem several hun« 
dred feel high, are seen within the park. Apparently these are in 
the main due to erosion, guided in some instances by structure. 

With few exceptions the courses of the present streams are 
consequent on the surface of the lava flows. The heads of young 
valleys are slowly advancing into the plateau and dissecting it, 
but broad areas remain practically unaffected by erosion. The 
youthful character of these valleys is impressively shown by 
comparing them with that of the Yellowstone River above 
(southeast of) Yellowstone Lake where the old valley, not reached 
by the rhyolite flows, is several miles wide and has a swampy 
flood plain, < 

Physiographic History.— The history of the Yellowstone 
Plateau begins with the l^ramidc uplift of the surrounding moun- 
tains, The mountains which were formed at that time in and 
around the park have since been much worn down, but their 
elevation has been renewed by uplift and eruption. After 
epochs of sedimentation, erosion, and recurrent eruption came 
the great outpouring of rhyolite, leveling up the inequalities. 

* This line, eorresponding to the contrast in rocks, may be (rtced on the 
contour map in the Guidebook of the W«tem l-nited StaUs V S. Geol 
BuU. 612, sheet 16 d, 1916. 

« 8ec U. 8. Geol. Survey, Topographic map. Lake quadrangle. 
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I'KJ. .'m.— C anyon of i\t<- "i eUow»tn^^ Riv^r. Tho •* ft. It i< in rhyolUo, to aMorod by hydrothermal aetmn .a* 

to <U9pIay hrilUant oolort. The nearly flat plat<au **irf;»ci> i* tM>iral of the t^rk. A tiuillnr lava ttirfaec may l*e followed ^ve9f^va^d 
to the ('Darade Mountains Hilhont ern^^ting any ranee of mmiul.unt. In the o|»|>*>she diteeilon m il Inn .VI miW of the view here shown 
an* thv (ireat nain-*. Ah ihal then* ii of iV H<K*Vy Mono tain S> stem a\ this i«»int iiet mil bin that .*»tl imlet. (C. N. f»W. S./rTtu) 
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Its thickness is probably 2,000 The Yellowstone canyon 
itself is more than 1,000 ft. deep, cut entirely in the rhyolite. 
For aught that is yet known the entire depth may be in a single 
bed poured out in a single flow. It is natural to infer that this 
great thickness of lava, possibly in a single flow, is one of the 
chief reasons for the long continuance of the heat which con- 
tinues to be given off from great depths, partly through the 
medium of circulating ground waters.^ 

Glacial ice has covered the Yellowstone Plateau at least 
three different times.* The interglacial epochs were long and the 
larger valleys were greatly deepened between successive ice 
invasions. At the time of the Aral ice epoch (early Pleistocene) 
the Yellowstone River seems to have passed out of the park at a 
^evcl 1,000 ft. above that of the present stream. The triple 
nature of the glaciation is of interest historically; to some extent 
certain terraces correspond to particular glacial stages; the 
moraines of the several epochs are also distinguished. Neverthe- 
less, in the main, the glacial features of the present landscape 
arc the work of the last (late Pleistocene) glaciation. 

The ice here concerned originated as alpine glaciers on the 
mountains to the north and east, though the climate of the 
plateau itself may also have been such as to bring it within 
the zone of ice accumulation rather than wasting. I n any case the 
plateau was 'jovered, at places 2,000 ft. deep, and the ice moved 
off. Movement was most rapid along lines now marked by the 
larger streams, the Yellowstone to the north, the Madison to 
the west, and the Snake to the south. Each of these valleys 
had its lobe, supported partly from the main center of accumula- 
tion and partly from the mountains on either side. The most 
generally known among these valleys is of course tliat of the 
Yellowstone down which, at the stage of maximum advance, 

‘Haoub. Ahnold, Geoloaical Waloty of YHIowMono Nntional Par)<. n. 
7, 1012, U. 8. D«pt. Ini., also "i'ni venal Cyriopeflia." 

> The theory thst the heat given off ihrougli liot springs and gevson is 
the rcaidutl ficat of iKhlioa of Uva la tcccplcd by Arnold Hague, I*. 8. Cleol 
Hurvey, folio 30 and other papers; abo by Walter Harvey Weed Gc^'sen 
p- 3, U. 8. Dept- Int., 1912. * 

* Aldcn, Wm. C., Yellowstone National Park and Its Environs in the 
Ico Age, ‘►Ranger NaturalbU’ Manual,” Id2«. t'n fortunately 
this paper is not available for general circulation. It embodies about all 
that » known (aside from deuils) about the movemcDts of ice and its work 
m the several epochs on the Yellowstoac Plateau. 
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the ice tongue almost 3,000 ft. thick passed for 36 miles from the 
park before building its terminal moraine. This valley is “a 
grand and perfect piece of ice sculpture'’ cut in Archean gneiss.* 

Yellowstone Lake and Canyon. — The most interesting and 
spectacular postglacial change in the park has to do with 
Yellowstone Lake and the canyon of the Yellowstone River. The 
lake owes its existence to a dam interrupting the Yellowstone 
River in its northwest course. The dam may be of lava or it 
may be of glacial drift or in part of each, the former course of the 
stream beyond the lake being unknown.* It is plain, however, 
that on the disappearance of the ice the lake discharged westward 
to the Snake River and thus to the Pacific.’ At that time the 
lake level was 160 ft. higher than at present, as indicated by 
sediments and shore features. It extended north beyond the 
site of the falls in Yellowstone Canyon. East of Mt. Washburn 
a small tributary flowed north to the Yellowstone. In its head- 
ward (southward) growth this tributary followed a line of weak- 
ness in the lava due to decomposition caused by solfataras or a 
preexisting canyon filled with soft sediments.* The head of this 
stream ultimately reached and tapped the lake. The escaping 
waters soon cut deep into the decomposed lava or unconsolidated 
sediments, thus initiating the present magnificent canyon. The 
rich colors of the canyon walls are due to the same decomposition 
which caused the weakness along this line and thus fostered the 
stream in its headward growth. The down-cutting of the new 
outlet of the lake soon left the old one dry and thus diverted to- 
ward the Atlantic the drainage of about 1,500 square miles which 
formerly belonged to the Pacific. The falls in the new canyon 
seem to be occasioned by tracts of fresh rock not yet affected by 
solfataric action. 

I Wrbd, W. H-, GUcistion of the Yellowstone Volley North of the Pork, 
U. 8- Geol. Survey, BuU. 104, p. 13, 1893. 

* GooPE, J. P., The Piracy of the Yellowstone, Jour. Gody vol- VII, pp. 
262 and 265, 1899. 

^This perfectly preserved old outlet was first pointed out by Hague, 
U. S. Geol. Survey, Mon. 22, pt. II, p. 194, 1899. 

•Recent observations by 0. T. Jones and R. M. Field (Amor. Jowr. 
Sci.y vol. XVTI, pp. 260-278, 1929) Indicate that the Yellowstone canyon 
has been cut twice. In the interval it seems to have been filled with lake 
and stream depoNts while the stream was ponded by lava flows farther 
north. This makes the hi8lor>* of the capture of the upper Yellowstone 
more complex but docs not alter its essential features. 
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Hot Waters. — Of the features due lo healed waters, the fuma- 
roles or steam vents have already been referred to. These are 
numbered by the thousand and generally represent acid waters.^ 
The work of such waters and vapors is seen in the great amount 
of decomposed rhyolite, especially along the line of the great 
canyon. Of hot springs there are said to be nearly 4 ,000, Many 
of these and all of the geysers are alkaline* and carry silica in 
solution, which they deposit as siliceous sinter or geyserUc, 
encrusting the surface with what guides call “the formation.” 
Other hot springs are calcareous and deposit vast quantities of 
travertine, the lime being derived from neighboring sedimentary 
rocks. Many of these, like the Mammoth Hot Springs, have 
built against the hillside a series of basined terraces over which 
the hot water descends, cooling as It goes and depositing car- 
bonate of lime, chiefly at the edge of each terrace or bowl where 
the cooling is most pronounced. 

Yellowstone Park with its hundred geysers is by far the greatest 
geyser region of the world. Nor arc the geysers known to be 
sensibly diminishing, though Individuals vary much from lime 
to time. Some become extinct and new ones break out. Both 
hot springs and geysem are supplied by ordinary ground water 
heated by steam which rises from the hot rocks below. ^ A 
variation of the same phenomena is seen in the mud volcanoes 
and ” paint pots.” The mud Id these cases is chiefly the lava 
decomposed by solfataric action. Its presence renders the water 
highly viscous and causes distinctive phenomena. 

Scenic Features.— The attractiveness of Yellowstone Park 
consists chiefly In localised features and phenomena. The broad 
expanse of plateau largely covered by somber forest is rathe, 
monotonous, relieved at places by distant views of the neighbor- 
ing mountains. Most of Its scenic features can be grouped under 
three heads: ( 1 ) lakes, (2) stream gorges, (3) phenomena due to 
hot waters. In addition to Yellowstone Lake, 7,741 ft. high 
and 150 square miles in area, the largest at such an altitude in 
North America, arc several others of considerable size and a great 


‘ Ycllowitonc folio 30, p. 4, V. 8. Gcol. Survey. 

Ydbwalone Nttbnil Park, "Unlvoraal Cyclo- 
•“***®^ dbcvttcs thi> ch«mwtp>' of the waters in 
U. 8. Gcol. Survey, folio 30, and in U. 8. Gaol. Survey, A/or. 32. 

Yrilowatone National Park. p. ii, 
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number of small lakes of glacial origin' especially in the moun- 
tains. The canyon of the Yellowstone with its precipitous waUs 
1,000 ft. high, its two falls in which the water falls 422 ft., its 
brilliant colors and still surviving fumaroles, is justly one of the 
most noted canyons in the world. The circumstances of its 
cutting make it much younger both in years and in development 
lhan the other gorges in the same plateau. 



FiO. sc.-* Bait Ffon t of t h6 Besttooth Range near Monts n»- Wy omi ns boundary . 
Tho abrupt rbo from thf GrMt Plaina l«w than $.000 fL high to the »ubiuininit 
peneplain more than 10.000 ft. hifh u due to the BeaHooUi fault whoM trace 
follow* the foot of the elope. (^trtAur Beeon. ffocA-y MourUain Feneplaint 
Hffrthftut pf Ve/fowelone Park. Rfprinitd ^ permunon /rom the Journal aj 
Oeolooy. Vai. XXXIII .Ve, 6.) 

MOUNTAINS BORDEKING YELLOWSTONE PLATEAU 

Beartooth Range. — North of Yellowstone Park and extending 
east-southeast to the Bighorn Basin is the Beartooth Range, whose 
western half is also called the Snowy Range. The whole is 
a broad, anticlinal uplift with a core of Archean gneiss bordered 
for part of the distance on the north and east by monoclinal 
foothills on steeply dipping younger strata. Locally these are 
cut out by the Beartooth fault which gives to the mountains 
a very abrupt front (Fig. 56). At the west end beyond the 
Yellowstone River these monoclinal ridges turn north and become 

‘ Hague, ‘‘Universal Cyclopedia,'* suggests that these small Jakes may 
occupy irregular depressions "m the lava flows,” implying that the present 
plateau surface may essentially the original surface of flow. 




MIDDLE ROCKY MOUNTAIX FROVJKCE 


157 



I he Bridgcr Mountains. No doubt similar upturned sedimen- 
taries on the south were dropped down by the faulting which 
depressed the Yellowstone Plateau and are now covered by voh 
canic rocks. The gnelssic Beartooth Range is separated only 
by a stream {Clark Fork') from the volcanic Absaroka Range 
east of the park. 

The Snowy Range embraces some of the ruggedost mountains 
to be found in the province. Their ruggedness comes in part 


W.— TojM.graphio tn%p of o pirt of lb« Ikirlwtli Uan(t<*, HcmiiAntn 
of the younerr (luhtucnmit) p«nr|>]iiin orr cvhlcnt hy the 

prevullinn •'olor of the niup duo to wWr* ittooini of contour linpi, Kt|ujilly 
door ar<< the nharp voMnya or canyont cut «inrc tbo wm ui>|jricd. 

Monudnorkn rlnc id>ovc the wklcnpriMid (M^ncplatti to a eonimon Icvrl of 12 ODO 
to I2.4f)0 ft, nnri nre Intcrprctwl m fcninaiil* of on lAiicr |>cncr4nin I'hcic aro 
ksa obvioiia hut may l>« located by follovina the niahi divide ac^>a8 the sou them 
hulf of 1 he map. ( .Vop 6y V. S. ForrM .SrnUt; photo /Hrnuhrd by A rth,r Bonn.) 

from slcep-sided peaks or ridges rising above the general level 
and overstcepened by the work of alpine glaciers, but chiefly 
from dissection by narrow and profound canyons. The greater 
part of the range is a diasccted peneplain not unlike the Salmon 
River Mountains of Idaho, except for several broad areas called 
Buffalo Plateau in the bend of the Yellowstone River, where 
flalnoBS is due to a volcanic cover. Rven in these places dis- 
Hcction is approximately mature, hut some divides have not yet 
been narrowed to sharpnew and odicrB arc broad, rolling arcaa 
• Not to be confubc^d with Oark Fork of the Cohimbia. 
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relieved by rocke moutonnies, strewn with boulders, pitted with 
lakes or furrowed with ravines.’ 

The horizon determined by the crests of the Beartooth Range is 
among the flattest seen in any high mountains (Figs. 56 and 57). 
It is generally between 10,000 and 11,000 ft. high or 3,500 to 
4,500 ft. above the plains. In the eastern part, within an area 
20 miles long and S miles wide, many remnants rise above 12,000 
ft, (Granite Peak, 12,850 ft.). The summits of these very rugged 
peaks are also accordant and have been interpreted as remnants 
of an older peneplain.’ The aspect is distinctly alpine. Perhaps 
one-flfth of the surface is bare rock. 

During the glacial period the Beartooth Mountains maintained 
a part of the nevd which supported the ice sheet or Piedmont 
glacier in the Yellowstone Basin. The mountains themselves 
had alpine glaciers but were not covered by a general ice sheet. 
The marks of alpine glaciation are everywhere. 

Absaroka Range. — Bordering the Yellowstone Plateau on 
the east, its western spurs projecting into the National Park, 
is the lofty mountain mass called the Absaroka Range. These 
mountains are not separated from the Beartooth except by a 
canyon. The two ranges are similar in elevation and in the 
accordance of ridge crests but contrasted in history. The 
Beartooth is an uplifted lowland while the Absaroka is built by 
volcanic accumulation, mostly breccias. The name Shoshone 
Range is sometimes applied south of the Shoshone River but this 
part is in all essential respects a continuation of the Absaroka. 
With the termination of the volcanic cover at the southeastern 
end this range gives way to the lower Owl Creek Range composed 
of folded sedimentaries and trending east- west (see geologic map 
of Wyoming). 

The total length of the Absaroka is thus seen to be about 100 
miles and its width 50 miles. It is therefore far from being a 
linear uplift if indeed it can be called an uplift at all. It is a 
dissected volcanic plateau, a complex of accordant divides and 

• For description see Lbibbro, J. B., U. S. Geol. Survey, Prof. Pap. 20, 
p. 11, 1004. 

> Bbvam, Arthcr, Rocky Mountain Peneplsios Northeast of Yellowstone 
Park, Jour. Gtoi., vol XXXIII, 1926- Bevan tentatively assigns this upper 
peneplain to the Oligocene and the surrounding subsumnnt peneplain to 
the Pliocene. He differs in this from Alden who thinks it unlikely (hat the 
flubsunimit plateau is younger than Miocene. (Oeol- Soc. Amer. Bull., 
vol- 35, p. 396, 1924.) 
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isolated slopiog plateau remnants, all crests being remarkably 
even but not broad, generally declining in altitude from an axis 
near the park boundary.^ Summits 10,000 to 12,000 ft. high 
rise 2,000 to 4,000 ft. above Yellowstone Park and 5,000 to 6,000 
ft. above the Bighorn Basin. Streams in these mountains have 
cut narrow and profound canyons. The deepest is nearly 
5,000 ft. Glaciation followed, adding the usual alpine features. 
Few ranges in America surpass the Absaroka in ruggedness and 
sublimity. 

There is ample evidence that a mountain range was raised here 
near the close of the Cretaceous.* Its remnants are now wholly 
buried. C'anyons cut almost to the level of the Bighorn Basin 
disclose nothing but volcanic accumulation except at the edge of 
the basin. 





Pio. 6S, — Intcncctinc 4^rrMion •nrfacct of the UcartoAth and Aburokn Moiili* 
Uini. AR. pfoMnt fuhMimmU plateau rrfieerve<J in both ranoet. MX. monad* 
rincka of the Ileartooth Hanae whnae aummita are believed to repreaeiit an older 
pcnopUln. XY. the reatored older pmeplain. much eroded, and buried beneath 
voloanie rocks in the Absaroka Ranee. (Afitr int^prH^ion kp ifrvon.) 


Bevan speaks of an old erosion surface beneath the volcanic 
rocks exposed in the section along Clark Fork* which separates 
these mountains from (he Beartooth Range on the north. This 
old buried surface he correlates with the summit peneplain (f.s., 
t he older penepla i n ) of the Bcartoot h Range. The sou t h west wu rd 
slope of this peneplain, hypothetically restored, would carry it 
beneath the volcanic rocks farther south. He also interprets 
the Absaroka summits as indicating a posUMiocenc (/.«., 
younger) erosion surface, presumably the same as the sub- 
summit peneplain in the Beartooth Range (Fig. 58). There is 

*Tho Crandall and lahawooa topographic aheoU, I*. 8. Geol. Survey, 
AbaarokR folio 62, ahow Iho topography in a striking manner. In this 
folio Hague treats the Abaaroka aa a diaacctcd plateau. 

' Haous, Abaaroka folk) 62, p. 3, points out an unconformity aliovc the 
Laramie in Yellowatonc Park. A strong unconformity al»ovc the Fort 
Union b also obaerved at the caatem foot of these mountains. See Fwhbr, 
C. A., Geology and Water Resources of the Bighorn Basin, V. 8. Geol. Sur- 
vey, Prof, Pap. 63, p. 33, pi. X-B, lOOek 

• Bbvah, Artkcr, loc. eii., p. 674. 
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nothing to prevent such an intersection of peneplains if the older 
one be uplifted and lilted, and its lower part be covered with 
erupt ives before the new peneplain is made. The extent to which 
the present summit level in the Absarokas may be the original 
surface of the breccias is not fully determined.* 


BIGHORN MOUNTAINS 

East of the Absaroka Mountains, other connecting ranges 
form a remarkable hook almost enclosing the elliptical Bighorn 
Basin, 150 miles long and 100 miles wide (Fig. 49, page 134), 
Strictly speaking this basin is a part of the Great Plains but so 
nearly severed that it may be treated as an intermontane ralley. 
The Bighorn River enters this basin from the Wyoming Basin 
on the south by cutting a canyon 2,250 ft. deep through the 
mountain rim. It leaves this basin again by a 2,000*ft. gorge 
through the Bighorn Range near its terminus. A few miles 
farther northwest the mountains end, leaving an open passage 2) 
miles wide from the basin to the Great Plains. In this capricious 
performance the Bighorn is typical of Wyoming rivers (see 
page 136 and compare Fig. 50, page 136). 

The highest and most massive mountains along this curved 
axis are the Bighorn Mountains on the east side.^ South of the 
basin and west of the canyon the range is known as the Ow) 
Creek Mountains. A partly isolated mass east of the canyon 
of the Bighorn River is called Bridger Mountain (not to bo 
confused with the range of the same name in Montana). 

Summit Uplands. — The Bighorn Mountains consist essentially 
of a granite core partly covered by sedimentary rocks, nearly 
horizontal on the top but generally dipping more steeply on the 
flanks. These beds approxinjately cover the northern third and 
southern third of the range. In these parts summits or uplands 
of nearly uniform elevation between gorges form a belt 10 to 
20 miles wide with an average height of 9,000 ft. at the north and 
8, OCX) ft. at the south. Over considerable areas the slopes of 
this upland (or hypothetically restored surface) approximately 
agree with the very gentle dips of the rocks. Such a relation 

‘ Haoce, loc. c%^.^ mention* «ix epochs of eruption, each repreaented by a 

distinct formation. u o- u 

* The name Pryor is given to a small range contiguous with the Bighorn 
at it* northwestern end 
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suggests that the uppermost remaining beds, being fairly resist- 
ant, may have been stripped, not necessarily at or near base 
level. On this account there has been less tendency here than 
elsewhere to explain accordance by peneplaning. 

In the middle third of the range the rocks are largely granite. 
The extensive upland, mentioned above, covers much of this 
area, but granite ridges rise several thousand feet above the 
general level of the plateau, properly spoken of here as the sub- 
summit upland on account of the mountains that rise above it 



Fla, fiO.— KuheunimU upland qC Buthora Mouiitaina In th« ('loud Po^k 
laiodroiielo; lookins wcat ovcf the ennito aurfaco at an rfevation of 9 , .100 ft, to 
Black Butto In the diatanca. The Jakea are Diorainal. The upland ut (hia 
place la obvioualy a penaplwn. ihoush perhapa a very ancieot one, now atripped, 
farther north and eouth the nirtace ia undertun by acdimcntaiy formation* 
approximately paroJlc' to (he surface. (I/. 8. Oecrf. Purvey.) 

(Fig. 5d). In the discussion of this upland^ it has not generally 
been assumed that it represenU a peneplain developed just 
before the last uplift. Rather, it is implied that the nearly 
horiiontal sedimentary strata have been stripped away, exposing 
the aneient peneplain on which they were deposited. A con- 

* pARTOK, N. H., G«)logy of the Bighoro Mounteina, U. S. Cool. Survey. 
Prof. Pap. 61, 1006; Bald MounUin-Duyton folio 141, U. S. Geol Surve* 
Qoud Pcak.McKinnet' folio U2, V. S. (Jeol. 8urve>‘. lOOe’ 
o* Sculpture in the Bighorn Mountains, Wyoming, 

U. S. Geol. SunTy, 21af jinn, Htpt.. nt. I!. 1000. ^ 
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spicuous part of the granite plateau is spoken of by Darton* as 
part of an early Cambrian peneplain again exhumed. It is 
assumed that this later denudation was limited in depth not by 
the local base level but by the resistance of the granite. As 
stated in connection with alleged stripped plains elsewhere 
(page 42), there is no doubt that the upper surface of a resistant 
rock may maintain a plain above base level within certain limits 
of height and breadth. Without doubt, when the subdued sur* 
face (now the Bighorn subsummit upland) was made, the hard 
rocks now at the surface tended to arrest erosion and were a 
factor in determining the final level that was reached. On the 
other hand, there is no doubt that this subdued surface was 
developed much nearer base level than at present. No serious 
error will be involved in thinking of this district as once a part 
of the late Tertiary surface of low relief which covered the 
Laramie, Wind River, and other ranges in Wyoming. 

In addition to the level tracts underlain by resistant rock 
there are a few perfect flats of late Tertiary or Quaternary sedi- 
ments at altitudes of 8,000 to 9,000 ft.* It is not to be supposed 
that such sediments could endure long in so precarious a position. 

Secondary Ridges. — Steeply inclined strata on the fianks of 
the range form ridges of the hogback type. Most of these 
are low and are classed as foothills, but certain Carboniferous 
limestones form the so-called “Front Ridges.” These are 
monoclinat ridges rising several thousand feet above the plains, 
having crests which are locally as high as the summit uplands 
and generally presenting scarps several hundred feet high toward 
the mountain axis. They appear on both sides of the range, but 
are better developed on the east side. 

Glaciation.— Nowhere in the United States are glacial cirques 
and U-shaped valleys better exemplified than in the central 
portion of the Bighorn Range (Fig. 60) . There are many almost 
vertical cirque walls 1,000 ft. high, and a few exceed 1,500 ft. 
Lakes in scooped-out granite basins or retained by dams of 
moraine are numerous. The four conditions pointed out by 
Matthes as tending toward perfection of cirques are all present 


I V S Geol. Survey, fotio 141, Ulustration sheet II, Fig. la In U. S. 
Geoi- Survey, Prof, Pap. 51, p. 24, this is ealled a “plain” made by early 


Cambrian erosion- _ ^ i:^ 

> Darton, N. H., Ioc. ciL, iJ. XXIIIi »bo Qoud Pwk-McKinney folio 

142, p- 8. V. S. (Jcol. Survey, 190$; also illustrations, Fig- 21. 
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here:' (1) The pre-g]acial valleys were widely enough spaced 
to allow the development of cirques without mutual interference. 
(2) Climatic conditions were not sufficiently severe to cause 
glaciation of the intervening divides and uplands. (3) The rocks 
are fairly homogeneous so that cirques could develop in one 
direction as well as another. The jointing is also favorable. 
(4) There has been little post-glacial crumbling or erosion. As 
none of the glaciers descended below an altitude of 6,500 ft., the 
lower ends of the canyons retain their angular pre-glacial forms. 

The glacial sculpture of this range is of more than usual 
interest because topographic features due to glaciation appear 
side by side with remnants of the old surface on which the ice 
began to work (see Fig. 66, page 179 and Fig. 67, page 180). 
It is the habit of alpine glaciers to deepen their troughs and 
lengthen them headward until, between the cirques on opposite 
sides of the range, nothing is left of the mountain crest except a 
crumbling line of crags.* For many miles along the Bighorn, 
crest, strips and patches of the old surface up to several miles in 
width are preserved. As seen from a distance or on a contour 
map of large Interval* these remnants represent a landscape of 
rounded forms and easy slopes suggesting the advancing age of 
much subdued mountains. To a closer view the surface is rough 
and rocky. It has been pointed out that snowfields above the 
glacier heads tend to produce such forms whose generalised slopes 
are gentle but whose details are angular.* However, there is no 
reason to believe that ibis was the major factor in producing the 
forms here described. It cannot bo doubted that these moun- 
tains have but recently been raised to their present height and 
that the surface before the final rise was approaching old age and 
had but moderate relief. 

^ Mattkes, F. E., Glacial Sculpture of the Bighorn Mountains, Wyoming, 
U. S. Oeol. Survey, 2l«< Ann. Aept.. pt. II, p. 174, 1900. For glaciation of 
this range see also Sausburt, R. D., Cloud Peak- McKinney folio 142, 1906. 

^ W. H., The Cycle of Mountain Glaciation, Geogr. Jour., vol. 

XXXV, pp. 140-163 and 208-264, 1910. 

’ The Cloud Peak topographic sheet of the U. S. Geol. Survey is perhaps 
the most expressive. 

* Matthbs, F. £., loc. cit., and personal communication. Matthes calls 
the topographic work of snowhelda ntvafton. Mountain tops like those here 
in question need to be studied with care to discriminate between the effect? 
of advanced erosion approaching base level and the effects of snow at high 
levels. 
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Pryor and Owl Creek Ranges. — Tho Pryor mountains are 
a small independent uplift, roughly a continuation of the Big- 
horn Range, but offset a little to the southwest. They arc lower 
than the range to the south, are covered by the strata which 
flank (he Bighorn, and present the appearance of a dis.sectod 
plateau compared largely of strong limestone l)eds- 

Tho east -west range south of the Bighorn Basin, embracing 
the Owl Creek and Bridger Mounlairw, 7,000 to 9,500 ft. high, 


Ka». 01.— Ilcnrl of rir<iu«' on (ribuUry Tctivlrrp <’wk, Highorn Mounlaina, 
Thi* wiiIIh utt} ticnrly I.WtO tl. Jiigh. Tlie rnrV la BruniCo. Iia 
charikctpr a(>r»cora ol tUo ristit. Th« hiiIhIuc«I rlinrnplrr of (Up <J<I surfsK'P ia 
hIidwii ut (Up Hgh( anil by tbp g<>npr«l fc^rm nf (he aky line, (f S. dtvt. Surrti/.) 


also has a granite core. Both east and west of Bighorn ('any on 
the folding of thick strata is very important. Those folds indi- 
cate a strong compressive force acting north and south. Some 
of the folds arc steseper on the south side. In the Owl Creek 
Mountain this folding and subsequent erosion has resulted in a 
'>eric8 of ridges trending northwest and southeast, or diagonally 
across the trend of the range.' 


‘ Elduipoe, Obo. H., a (U*oIogical IlPconnaUsancc in Xorthweatom 
Wj-oming, U. 8. (Icol. Sur\'ey, BuU. 119, p. 15, IsWj Darton, N. H. 
0 00 logy of the Owl Creek MountaiiM, Smgt© Doc. 219, SQth Conirrpss 1st 
Scwion, 1906- ' 



10(3 PHYSIOGRAPHY OF H’BSTBRN UNITED STATES 


Bighorn Basin. — The elliptical depression within the bend 
of the Bighorn Range is included, for convenience, in the Moud- 
tain province. Structurally it is a deep syncline filled with young 
sedimentary rocks, the upper beds being continuous with those 
of the Great Plains.* A central ellipse, perhaps 75 miles long and 
45 miles wide, has much flat upland with streams in broad valleys 
.several hundred feet deep. Three residual mountains or groups 
of such rise 1,200 to 1,500 ft. above the streams. Badlands are 
rather common, especially in the southern half. North of the 
Grey bull River almost half the area is arable but water is not 
available to irrigate so much. The chief water supply is from the 
Shoshone River, made available by the Shoshone dam of the 
U. S. Reclamation Service^ (Fig. 50, page 136). 

Outside of the central ellipse is a border 10 to 20 miles wide 
in which the strata that are deeply buried in the center come to 
the surface in pronounced northwest-southeast folds. These 
folds are much eroded, making ridges and terraces with relief 
sometimes approaching 1,000 ft. The level pre-erosion surface 
may well have been high enough to superimpose the Bighorn 
River on the mountains which it now transects both to enter 
and to leave the basin. 

MOin«TAlNS OF WESTERN WYOMING 

Wind River Range. — In west central Wyoming, almost sur- 
rounded by the elevated plains of the Wyoming Basin, are the 
Wind River Mountains, one of the highest and most massive 
ranges of the Middle Rockies. Almost in line to the northwest 
is the smaller Gros Ventre Range. The line of these uplifts 
bisects the angle between two divergent curved axes. On one 
side the Absaroka-Owl Creek Range turns off to the east and on 
the other the Wyoming and other ranges turn off to the south. 
All these axes are brought together, sheaf-like, near Yellowstone 
Park, spreading from there toward the south and east, and in 
less degree toward the north and west. 

The Wind River Range is in several ways remarkably like the 
Beartooth of Montana; in its broadly exposed granite core, in its 

^ For description see Fishbh, C. A., Geologj' and Water Resources of the 
Bighorn Basin, U. S. Geol- Survey, Prof. Pap. 53, IW6; see pis. IV and XI 
for structure; also Hbw*tt, D. F., The Heart Mountain Overthrust, 
Wyoming, Jour. (koL, vol. XXVni, pp. 536-557, 1920. 

* Fisher, Cassius A., loc. c^, p. 46 and pi. XII. 
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pronunent moaoclinal ridges od the northeast with an absence 
of these on the southwest due to faulting, and above all in its 
abundant evidence of a former peneplain preserved at an unu- 
sually high level. ^ There is also a strong resemblance to the 
central portion of the Bighorn Range where the subsummit 
upland is on granite. The broad rolling uplands of the Wind River 
Range are found mainly in the northern part, more than 12,000 
ft. high. Elsewhere are accordant narrow crests between deep 
glaciated gorges. Monadnocks sharpened by icc erosion rise 
above the horizon, Fremont Peak to more than 13,000 ft., but 
there is no suggestion of an older peneplain at their tops. 

The older sedimentaries on the northeast side rise too high and 
arc too much a part of the range itself to be called foothills. 
Paleozoic strata rise to 9,000 or 10,000 ft. and even the Mesozoic 
*'rcd beds^' make a ridge 1,000 to 1,500 ft. above the plains. 
Still farther out are lower hc^hack foothills. 

Pleistocene glaciers were more vigorous here than in the Big- 
horn Range, descending to the plains and pushing 10 miles out 
where they left their terminal moraines. Perhaps for this very 
reason, or for failure in one of the other conditions named on 
page 164, cirques are less clearly outlined and less diagrnmmuti- 
cally perfect than in the Bighorn Range. 

Like most of the Rocky Mountains, the Wind River Range 
dates from the Laramide epoch. The earliest physiographic 
feature is the summit peneplain, made sometime in the Tertiary.’ 
Later, local plains or late mature topography developed in 
interrupted cycles but this later history is not known to have 
involved further deformation. The present altitude of these 

^ Baxsr, C. L., Notes on the Ccnosolc Histary of Central Wyoming, 
Oeol. So«. Ain«r. BtdL, vol. 23, •!». pp. 73-74, 1012; Wkhtcats, L. G., and 
Branhoh, E. B., Later Cenofok History of the* Wind Hiver Mount niuH, 
Jour. Oeol,, vol. XXI, p. 143, 1913; Black welukk, £., Poxt-Crctaccous 
History of the Mountains of Central Wyoming, Jour. vol. XX 11 1, 

1016. The U. K. Geol. .Survey topographic map of the Fremont quadrangle 
ahowa Itie fraturra hen* referred to. 

* Manhfield, Jour. Geol., vol. XXXII, p. 4g5; aljso V. H. Cool. .Survey, 
/*ap- 152, p. 10, gives a table correlating events in weatem Wyoming 
and ttoutheoKtern Idaho as interpreted hy Weslgatc and Branson, Black- 
welder, and himself. Klanatk^ld aasigivt to the Eoeeno a peneplain in like 
jMMition further west. Wratgatc and Branson assign this penopluin to the 
Mioecne, Black wkldbk, E., toe. r^.,'alao Wash. Aea<l, Sei. Jour., vol. IV, 
pp . 445-44S, 1014, ten lati vely assigns t he peneplain to t he PI loi'enc, B a K aiu 
CiiAJtLEH L., loc. at., regartls the peneplain as of Miocene age. 
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mouDtains above the adjacent plains is due mainly to differential 
erosion since the last uplift (see Wyoming Basin, page 147), 

Gros Ventre Range. — The Gros Ventre Range is a small 
but distinct mountain uplift separated by a narrow syncline from 
ihe Wind River Range and extending northwest to the Tertiary 
basin which is followed by the Snake River in its southerly course 
from Yellowstone Park (Fig. 49). Between the Gross Ventre 
and the Absaroka Ranges to the northeast Is a broad syncline 
retaining in its center remnants of a maturely dissected Tertiary 
plateau 10,000 ft. high. A narrow synclinal valley separates the 
Gros Ventre from the Hoback Range to the southwest. 

The Gros Ventre Range appears on the geologic map as two 
or more small spots of granite surrounded by successive bands of 
strata. This indicates the essential nature of the uplift, an 
anticline more or less denuded along its axis. Viewed in detail, 
it consists of several aoticHnes each steeper to the southwest 
than to the northeast. The range has this feature in common 
with the Wind River and Owl Creek Ranges. 

Many summits rise to somewhat less than 11,000 ft. Uni- 
formity of altitude is said to be marked' and there are several 
noteworthy fiats truncating strata of unequal strength at altitudes 
between 10,300 and 10,800 ft.’ It may be inferred that the 
physiographic history of this range is very similar to that of the 
Wind River Mountains, though it is not yet demonstrated that 
the summits, somewhat lower than those of the Wind River 
Range, represent the same erosion cycle. 

Teton Range. — The Teton is a north-south range, 40 miles 
long, just east of the Wyoming-Idaho boundary and south of 
Yellowstone Park. Though small in area, this is one of the 
most majestic ranges of the Rocky Mountains. Its deeply 
gashed granite crest, snow covered and several thousand feet 
above timber line, has many peaks above 12,000 ft. and reaches 
its greatest heights in Grand Teton (13,800 ft.) and Mt. Hayden 
(13,700 ft.). On the east the range rises very abruptly above 
the Snake River Valley, a Tertiary basin similar to those of 
Montana, here expanded into “Jackson's Hole," a valley 12 miles 
wide with a terraced floor and enclosed on the south by glacial 
moraines. The western slope of the range descends less steeply 

• Sc H ULTS, A . R., Geology and Geography of a Portion of Lincol n County , 
Wyoming, U. S. Geol. Surve}*, BuJi. 543, p. 16, 1914. 

> Blacxwkldek, £., kw. ctf., p. 199. 
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to the Teton Basin, a slightly lower valley continuous with the 
Snake River lava plain of Idaho. Both slopes are deeply carved 
by water and ice. The details of the alpine crest are character- 
istically the work of glaciers. Several of these still remain,' 
Lying in a region of closely folded rocks, the Teton Range 
is an almost undeformed fault block uplifted on the east.- The 
deep-lying granite was thus brought up beside weak sedimentary 




Pjq. 02.— of the Eeel ftont of the Teton Ronco to eipUm two poniblc 
origin! of (ho eecerpinent: a u e modern iiomiol fiiult ecsri'* o fnuU line 
eeerp diecovered entitoly by croeion. In Iwili enoee the broken line represent! 
an old eroaion aurfaee of small rali?r. In o this aurfaee is older thsn the fault 
and older than (he Quaternary sp<HmenU. In 6 the old erosion aurfaee was 
developed sfler the faultiiiR. When the mast was uidifted, the weak Eocene 
beds on the eoat sldo were cut down and the fault block of granitoid roeks again 
stood out as a mountain. Wealem United States eontoina acorcs of mountains 
and valleya whoso interpretation invdves a ehoke between these two eases. 
iAfler Bttukvridfr.) 


rocks whose degradation increased the relative height of the 
mountain front. So much is true whether the fault scarp be now 
In its first erosion cycle or the second. Alternative explanations 
are set forth in Fig. 62. 

There is reason to believe that this range, like many others, 
was approximately base leveled (probably late in Tertiary 
time) and that as the result of later widespread uplift, erosion 

*Haoi; 6, W,, Mid other*, Yellowetone folio 30, p. 3, XJ, 8. Gcol, Survey. 
For deacriptioD see also Sr. JoaK. Orkstbh, U. S. Geol. and Geogr. Survey 
of the Territoriea, Ann. Repl., pt, I, pp. 4I1H16, 1877. 

* Blacsweldsb, E„ a Reconnaiaaajice of the Phosphate Deposits in 
TFesteni Wyoming, U. 8. GeoJ, Survey, Bull. 470 p. 4^, jpio, 
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carved out the present relief.' Two small summit flats survive, 
but the narrowness of the crest and the vigor of erosion on so 
steep a front were unfavorable to survival. According to 
(his hypothesis the Teton Range is a perfect example of a mature 
block mountain of the second generation, the most impressive of 
its kind in America because of the vast erosion involved and the 
majesty of the exhumed mass. Throughout the middle Rocky 
Mountains and Wyoming Basin the assumption that the relief 
is largely due to differential erosion in a second (or later) cycle 
and not due directly to diastrophism is favored by the widespread 
agreement between strength of rocks and present altitude. 

MOUNTAINS OF THE IDAHO- WYOMING BORDER 

General Relations. — South of the Yellowstone and Snake 
River Plateaus a belt of parallel mountain ranges extends south 
nearly 200 miles, or almost to the Uinta Range. The belt has a 
maximum width of about 80 miles, divided almost equally 
between Wyoming and Idaho. At the north these ranges veer 
toward the west and disappear beneath the lavas of the Snake 
River Plain. On the east they are bordered by the broken 
plains of the Green River, formed on horisonf al Tertiary strata. 
With altitude diminishing southward, the mountains, except the 
westernmost range, disappear beneath the horisontal rocks of the 
plain near the southern boundary of Wyoming. 

The western limit of this group of ranges is the somewhat 
arbitrary boundary between the Rocky Mountain province and 
the Great Basin. The attempt has been made to draw this 
line in such a manner as to leave on the east the closely crowded 
mountains whose forms are determined chiefly by close folding, 
thrust-faulting, and erosion, and on the west what seem to be 
block mountains due perhaps to normal faulting, more widely 
spaced and often separated by Quaternary-filled valleys.* 

» BS.ACK WELDER, E-, Po«t-Cr«teceoua History of the Mountams^ 
Western Central Wyoming, Wash. Aead. Sci. Jour., vol. IV, pp. 445-446, 
aba., 1914; also Jour. Geof., vol. XXI II, 1915. . 

’ Such a line would follow the Bear River northward at the west foot of 
the Bear River Range, passing east through the Bear River Gap 
Springs, thence north along the eastern edge of Blackfoofc and WUJow 
Creek lava fields. This leaves the Aspen and the Idaho- Wyoming Ranges 
fls the westernmost members of the Middle Rocky Mountain pro'^ncfc 
This Is essentially the line indicated by Geoige R. Mansfield, U. S. -'Ml* 
Survey, Pr<if. Pap. 152, pi. XV. 1927. 
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Structure and Topography. — The region is one of close folds, 
some of them overturned, and thrust faults dating from the 
Laramide epoch- Of several great thrust faults one, the Bannock 
thrust' in Idaho, is perhaps the greatest in the United States. 
It has been traced 160 miles. The overthrusting toward the 
east cannot be less than 12 miles, is probably 35 miles, and may 
be more. 

To name and describe these ranges singly would involve too 
much detail.* Structural sections are much like those of the 
folded Appalachians, liven in form and history the two systems 
have much in common, though the crests of those mountains are 
less even and simple than those of the northern Appalachians. 
Ridges and knobs of fairly uniform height between 9,000 and 
10,000 ft. are not uncommon at the north and in the Snake 
River and Caribou Ranges which rise on opposite sides of 
the strike valley of the Snake River. The Wyoming and Salt 
River Ranges east of the slate boundary have even greater alti- 
tudes, 10,000 to 11,000 ft. at the north, but they rise only moder- 
ately above the Wyoming Basin whose floor is here 7,500 ft. high. 

South of the 42d parallel the relief diminishes. Only here and 
there do monoclinal ridges rise 700 ft, above the horisontal 
Tertiary beds that floor the surrounding and intervening plain. 
The surface, aside from the Bear River Range on the west, is 
more largely plateau than mountain. The plateau portions are 
continuous with the plains of the Wyoming Basin by way of the 
gaps in the low monoclinal ridges. The Bear River Plateau, 
west of the state boundary, is deeply dissected but its rocks are 
not folded- The surface rises westward over the gently dipping 
Tertiary beds to a height of 8,000 ft. Here the plateau ends in an 
escarpment looking westward over a valley to (he Bear River 
Range. The northern end of this plateau lies east of Bear Lake. 
Here the Tertiary (Eocene) sediments have been in part stripped 
away and the old prc-Eocene topography is again revealed, 

*Richabi», It W., and Manweld, 0. R., The Banunck Ovrrthnjfll 
•fear. Geol., vol. XX, pp. 881-709, 1912. 

• Veatck, a, C., U. 8. Geol. Survey, Pap. 56, 1907; Schultz, A. U., 
U. 8. Geol. Survey, BuU. 643, IdUj MAM»riELo, Geo. R., IT. Geol! 
Survey, Pro/. Pap. 162, 1927. These papere give excclJent maps of different 
parta of tho area. The belt as a whole stands out clear! v on the geological 
map of the United SUtea; also on the V. S- GeoI. Kurvey contourc^d 
map of the United States. Mansfield’s paper gives a diseuasion of the 
physiography. 
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probably, as yet, but little modified. This part is called the 
“Bear Lake Plateau."' 

The valleys of the Idaho* Wyoming border, except at its 
southern end, occupy a much smaller fraction of the total surface 
than in the Appalachians. For the most part they follow the 
strike of tho less resistant strata. Even the larger ones are nearly 
6,000 ft. above the sea, but the common grains thrive where 
irrigated, ond there is much good pasture on the hillsides. 

Physiographic History. — It is plain that the original folds 
of all tLese mountains were approximately peneplaned. This 
erosion cycle ended with the Snowdrift peneplain, patches of 
which still survive on some of the higher crests. Topographically 
they correspond to the summit upland in the Wind River and 
other ranges in Wyoming.* Successive uplifts since that event 
have raised the old land surface to a height somewhat less than 
that of the Wind River summits. The first uplift after the Snow- 
drift cycle was followed by five interrupted erosion cycles pre- 
vious to the current posUglacial valley cutting. With some 
allowance for local variations these may probably be correlated 
with the four cycles described for the Wind River and other 
ranges farther east. In both regions the first cycle following 
the general peneplain advanced little beyond maturity on the 
stronger rocks. Some broad valleys were produced but no 
broad fiats. In eastern Idaho this cycle was interrupted by 
an epoch of aggradation (the Salt Lake [Pliocene] beds). On 
these sediments the Bear River may have taken its superposed 
course across the mountains, if this was not accomplished earlier. 
Tho remaining cycles, except the last, advanced locally to late 
maturity, making some broad valleys and local terraces, each 
at a lower level than its predecessor, but no extensive plains. 
In the current cycle, streams are again entrenching themselves 
in canyons or narrow valleys. 

Meantime the Tertiary sediments have steadily been wearing 
down and back. Probably their general surface was continuous 
with that of the summit peneplain when the latter was made. 
The present height of moxmtains above plains is due in some meas- 
ure to arching of the peneplain but probably much more to 
degradation of the plains. 

> Masspiblu, Gbo- H., lot. til., p. JSj see sbo Black welder, E., 
Cretaceous History of the Mountains of Central Western Wyoming, /oar 
(7m/., vol. XXin, p- 203, 1916. 

<Sce footnote p. 148. 
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WASATCH MOtJNTAlHS 

Location and Boundaries. — For nearly 200 miles the Wasatch 
and Bear River Ranges, trending north-south, form the western 
front of the Rocky Mountain province. The southern end of 
the Wasatch is near the pass south of Mount Nebo traversed 
by the San Pete Valley Railroad running east from Nephi. 
South of this are the high plateaus of Utah, an elevated belt in 
line with the Wasatch Range and often incorrectly represented 
as a continuation of that range. At the north the Bear River 
Range terminates with equal clearness within the great bend 



Pro. W.— ffont of WoMtrh Renuo at Oiflcn, Utah. A nwal Tault is 
awnmod io have ita tra« at ot near th« tttoi of the mouiiUin. The lnl(*rtiiil 
atnictura of thU (treat fault bloeic ia compln. It m not in any aimntc 

way to tho outltnM of the mountain maaa. <Phci» hy WwWl'vWfffr.) 


of the Bear River which in its northwesterly and westerly course 
is followed by the Oregon Short Line. 

On the west these ranges descend with remarkable abruptness 
to the Bear River, Great Salt Lake, Jordan River, and Provo 
Lake (Fig. 6.3). Through most of its length the western base is 
less than 5,000 ft. above the sea (Great Salt Lake, 4,200) The 
eastern slope is less steep and less straight, and descends to a 
much less definite base. At two points only is the eastern face 
abrupt. Generally the range gives way on the east to dissected 
or dissecting plateaus. South of the Uinta Mountains (lat. 
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40®40') this dissected plateau, 8,000 ft. or more in elevation, in 
a part of the Colorado Plateau province. North of that, the sag 
between the Wasatch and Uinta Mountains is structurally a 
part of the Mountain province. It is occupied in part by Kamas 
Prairie, an intermontane basin less than 10 miles in diameter, 
and in part by great laccoliths.^ 

Topography. — The crest of the Wasatch proper is generally 
above an altitude of 10,000 ft., but the Bear Kiver Range (s a 
little lower. East and southeast of Salt Lake City are long lines 
of peaks exceeding 11,000 ft. in height (Timpanogos, 11,957 ft.). 
The crests of the Bear River Mountains at the north show evi- 
dence of the old peneplain, so common farther north, but this is 
not noted m the Wasatch proper. 

The most striking element in the topography of this range is 
'.ts abrupt, wall-like western front.* At intervals of a few miles 
this steep face is interrupted by canyons branching headward, 
subdividing the slope into ridges. It might normally be expected 
that the valleys in approaching the mountain base would broaden 
and that the dividing ridges would decrease in height and breadth. 
Instead of this the sharp V-form of the canyons is kept up gen- 
erally to the very foot of the mountain, often with increase of 
gradient near the base. The intervening ridges, instead of dying 
out gradually on the plain, frequently end in triangular facets* 
somewhat steeper than the general mountain slope. These are 
features which have been assumed to indicate recent or continued 
faulting and are more fully discussed under tbe Great Basin 
(page 335). 

The eastern slope of the range lacks all these characteristic 
features of the western slope. It is not everywhere longer, 
partly because the eastern foot of the range is higher than the 
western, and partly becaiise the steep slope above tbe western 
base does not continue to the summit. The eastern slope is 

‘ Boijtwell, J. M., Geology and Ore Dopoeits of the Park City District 
Utah, U. S- G«l. Survey, Prof. Pap. T7, p. 43, 1912. 

* Black welder, E., New light on the Geology of the Wasatch Mountai^, 
Utah, Geol Soc. Amer. Bull., vol. 21, pi. 39, 19ia This is perhaps the 
most striking of the many published views of this slope. The same paper 
contains instructive diagrams showing tbe structure of the range; see ato, 
Lodghlis, G. F,, a Reconnaisaance in the Southern Wasatch MounUios, 
Utah, Jour. Gtoi., vol. XXI, pp. 436-^52, 1913. 

« Davis. W. M., The Mountain Ranges of the Great Baain, Mus. Comp. 
Zool. BuO., voL XLII, p. 163, Pig. U. 1903. 



MIDDLE ROCKY MOUNTAIN PROVINCE 


175 


deeply dissected into rugged mountains and affords no suggestion 
of an inclined plane or even of a former rolling surface.^ 

Glaciation. — For a distance of 35 miles between the latitudes 
of Salt Lake City and Provo the range was glaciated.^ as 
the crest is here nearer the east side, the longest glaciers (about 
10 miles) were on the west side where they descended to about 
5,000 ft. above the sea, or 1,000 ft. lower than the limit of the loss 
vigorous glaciers on the east side. Even on the west side most 
of the glaciers did not reach the plain. Some of the valleys » 
notably that of the American Fork, are typical glacial troughs 
in their upper portions while the lower portions remain acutely 
V-shaped. ^ As the grade of the stream does not oppear to have 
been seriously disturbed it seems that in this case the change 
of form was brought about by oversleepening the sides rather 
than overdeepening the axis, a point which has led to mud) 
discussion. The deposits of these glaciers are of special interest 
because of their relation to the sediments of Lake Bonneville^ 
and the correlation thus made possible between the glacial epochs 
and those of Lake Bonneville. The usual features due to alpine 
glaciation are present. Cirques are generally small and 
imperfect, the altitude of their floors being 8,500 ft, or over.* 

Drainage. — The insigniflcance of the Wasatch Range in the 
control of drainage is remarkable. Three large streams which 
head in the Uinta Mountains on the east, discharge into Great 
Salt Lake on the west. The Bear River accomplishes this by a 
great detour to the north. The Weber River cuts through the 
range in a canyon and emerges at Ogden. The Provo River 
crosses in a canyon to Provo Lake, continuing to Great Salt 
Lake under the name of the Jordan River. The Denver and 
Hio Grande Railway approaching Provo from the east follows a 
similar transverse valley. It was at one time common to account 
for all such streams as antecedent but the proximity of the 
Wyoming Basin, in and around which are many superposed 
streams, suggests that all these streams may be superposed 
page 136). 

' Davts, W. M., The Wasatch, Gan^'on, and House ll&nges, Utah, Mus. 
Comp. Zool. vol. XLIX, p. 17. 1005. 

* Atwood, W, W., GlaciatiOQ of the UinU and Wasatch MountaJoa, 
U. 8. Geol. Survey, Pr^. Pap. 61, 1909. 

* I<Umj p. 76. 

* OiLBS&T, G. K , U. 8. Gcol. Survey, Mon. 1, p. 310. 

‘ Davib, foe. at., p. 17; also Rg. 1, p. 17. 
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Structure and History. — The fact of greatest topographic 
significance is a great fault or fault zone at the western foot of 
the range. Upward movement on the east side of this fault was 
probably greater than the present height of the mountains above 
Great Salt Lake. The block thus uplifted did not consist of 
undeformed strata but had previously been closely folded and 
thrust-faulted and then greatly eroded. The strike of the folded 
beds is in general east of north. In so far as ridges result from 
erosion of a folded mass, these ridges should be related to the 
strike. The fact that the remarkably straight western base of 
the range cuts across the strike of the folded rocks whose harder 
strata do not even make spurs beyond the straight base line, (s 
probably the chief reason for believing that this and similar ranges 
are the result of faulting.* The Wasatch has these features in 
common with many of the basin ranges {page 336). 

It is uncertain to what extent the present mountain form, 
especially the sleep west face, Is influenced by the great thrust 
faults.^ These nearly parallel fault planes divide the mountain 
mass into four or five great slabs dipping east. Locally the 
effect of this is to superpose stronger rocks on weaker and to 
expose the former at the top of the mountain slope, so that the 
effect of sapping is added to the other processes which tend to 
produce a steep slope. ^ Such relations are very prominent near 
Ogden where the west face is unusually steep (Fig. 63). Com* 
plications of this kind are not known to exist in the Bear River 
Mountains. 


UINTA MOUNTAINS 

The Uinta Range lies mainly Jo northeastern Utah just south 
of the Wyoming boundary. It is the largest east- west range in 
the United States and perhaps the largest in the western hemi- 
sphere. It is approximately 150 miles long and 30 to 40 nules 
wide and it has many peaks and crests more than 12,000 ft. high. 

‘ As noted on p. 3^ the pr es ence of the features here mentioned does not 
necessarily prove that an escarpment, due ultimately to faulting, is in its 
first cycle of erosion. . . 

’ Boot WELL, J. M., Stratigraphy and Structure of the Park City Mimog 
District. Jnur. OeoL. vol. XV, p. 4fi5ff., 1907. 

’ Black WELDEH, E„ New Light on the Ceolog 5 * of the Wasatch MounUins, 
Utah, Geol- Soc. Ainer. Buff., >-ol. 21, p. 534, l910;LotjaHus, G. F., Recon- 
naissance in the Southern Wasatch Mountains, Utah, /oar. (7cof., vo . 
XXJ, pp. 436-452, 1913. 




Fjo, M.^fltructure of (he UlnU Mountain Ranee. In the diaernm the 
vertical arala la about twice the horiaontal. A thirkneea of about 18,000 ft. 
01 took ia ahown (o have been eroded from (he oriffina) atructure 1 o rnnkc 1 l>o 
preionl relief. {Afir^ PotrHl.) 

The lowest formations seen are pre-('ambrian quartgitca. 
These DOW form the actual plateau^ having been exposeni by the 
erosion of an average thickness of 18,000 ft. of strata which 
once covered the central portion, but which appear now only on 
the flanks. Of these steeply dipping formations on the north 
and south, some, generally among the lower aystems exposed 
near the central mass, are very resistant and form high mono- 
clinol ridges. The younger systems (Mesosoic) lying farther 
from the central mass are, for the most part, less resistant and 
have been worn down lower. Their wom*down edges are in 
large port covered by horisontal Tertiary formations. These 
last constitute an eroded plateau rising high against the flanks 
of the mountains, locally above 9,000 ft., thus greatly reducing 
its relative elevation. 

‘ Powell, J. W., Geology of the Ewtem Portion of the Uinu MounUinA, 
U. 8, Cool, and Geogr. Survey of the Territoriee, p. 11, 1876. 


Structure.— The structure of this range in its simplest form 
is that of a fiat-topped anticline. It consists of an elevated, 
nearly horizontal platform between abrupt monoclines (Fig. 64), 
The term “Uinta structure “ is used to describe this type.' 
Dips in the central platform rarely exceed 5 or 6 deg. while in the 
danking monoclines the average dip may be as high as 45 dog. 
The greatest uplift is near the northern edge, the gentle dips of 
the summit platform being generally toward the south. To a 
remarkable extent the surface of this range is parallel to the 
exposed beds. 
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The mountain uplift itself is one of the greatest known. It 
has been computed that the monoclines are 30,000 ft. high.* 
The relatively small elevation above the adjoining plains is due in 
part to the stripping of the arch by erosion and in part to marginal 
burial by horizontal sediments. 

A local modiOcatioD of the above described structure arises 
from the substitution of a great fault for the monocline on the 
nort h side near t he Green River. The effect of this is to eliminate 
the monoclinal ridges. At the east end of the range the uplift is 
smaller in amount and less simple. Here the main uplift is 
attended on the south by a subordinate one, giving rise to the 
Yumpa Plateau. This uplift is included with the Uinta Range 
In the Middle Rocky Mountain province. 

Topography.— The topography of the Uinta Range U closely 
related to the structure. The broad central tract has numerous 
peaks more than 12,000 ft. high and numerous ridges at slightly 
lower altitudes. All these summit elevations are on the resistant 
pre-Cambrian quartzite. The strongest of the monoclinal 
ridges is likewise of quartzite (Miasissippian). The main divide 
is near the structural ajcis not far from the northern edge of the 
summit upland. From this line streams, subequally spacedi 
flow north and south In deep canyons, breaking through the 
hogbacks in great notches known as gateways.’’ 

The one feature which is totally out of harmony with the 
structure is the course of the Green River, which flows across 
the range from north to south In a devious canyon 3,000 ft. deep. 
In the center of the uplift the Green River receives the Yampa 
which has itself followed a course almost as defiant of structure 
as that of the Green.’ 

Glaciation. — West of the meridian of the Upper Green River 
(about 109°40’), the range was severely glaciated. For a span 
of 80 miles almost the entire surface of the central upland was 
covered by glacial ice.* The topographic maps of this area 
show a number of ridges similar in height and appearance to the 
main crest. Generally these are narrow and sharp and are 

« PowBLL, J. W., loe. «!., p. U; White, C. A., 9ih Ann. U. 8- Geol. 
Survey, later computed the rise at 28,300 it. 

’See references under W.t*oniing Basin, p. 146. 

* Atwood, W. W., Glaciation of the Uinta and Wasatch Mountains, 
U. 8- Geol. 8urve>', Prtff. Pap. 61, ld09. In addition to the text, this paper 
contains valuable maps and illuetratioBa. 



.\r/f>l>LB RfU'Kr MOVXTA/S RROVIXCB 


170 



Flu. of a )>i the Uintu Rnnite. As this is jicnr tlu> ( ri'Ht uf 

shr r;MSic(* the frK<k>t h4>r»r»iil:i1. The senerul gf Ihc rresl is e^wt* 

its I>t>rilerH tx'liiK HrelU^iM'l li\' <*iniui'S MM<’h as this. CuiM|iJire FkK« Olh 

{f .S. OV.rf, Siirny.) 



J'jo, Qfi.— «f r)K> I'inta Hu nice sealbi|>od by rirf|Ucs. The reni;iMt» t»| 
(Ml ohler (nirruH* urv siiflieieitlly exleiMve to eliow iUsiiMM«>4i >in<] iw-nrlv rMlIine 
• haruM.r. (CV.mpun* Kiic. 00, j.ujto 103.) For l)w iiuiiiif of ihf« l irruie wuNk 
hut vtiKUely kIiowji h«Te. nee ^iJ^ W. fl'. .S. f,W. Swrrty.) 
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surmounted here and there by peaks of the Matterhorn type. 
Locally the ridges have rolling summits a fraction of a mile to 
several miles wide, similar to those in the Bighorn Mountains. 



Fio, d7<~SueeMiiv^ 9ttge$ in (ho cycto of alptao clMintion. Subdued moun* 
taina hoving relatively amooth alopee are gradually cooaumed by the headward 
growth of cirqueti befiooing in water •carved vaUeya. (Compare Pig< d2. page 
109 ; alao Fig- 79. page 207.) The earlier atagea are common. The interinodiate 
atagea arc beautifully ahowo in the Bigboro Mouotaina (page 162). I>a(«r 
eiagea (mountaina of the Matterhorn type) are exemplified in tbe Bitterroot. 
Caecade. and other severely glaciated rangee. It is probable that the laatatagce 
here pictured are exemplified in some of the larger baaina of tbe Uinta Range, 
formed by tbe coalescenee of neighboring cirques. (d/Ier 

These ridges are so disposed as to divide the entire area into 
more or less independent basins. Atwood has enumerated and 
described 124 of these basins, ranging in area from 1 to 30 or 
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more square miles. ‘ The floors of these basins, while generally 
far from smooth, have small relief as compared with the abrupt 
ridges which rise several thousand feet above them, The 
basins are plainly glacial cirques. The larger ones may result 
from the coalescing of several, perhaps many, cirques In the 
process of glacial erosion. It is possible that all stages of the 



fih. Serh's ui r.Kir nnt« IIInjHr;»imK r*r«irrti»jvprtmiiMm|)»ion of u 

Inin <r<‘n{ 1,y Hr. me* pr.>«i.,ri. (Ij CkiMl I»p:ik qMn.lrnnielo. U v.Mtilutf, un <*nrl^ 
nlniir: (I^J (hi* •timn, n liilpf nlunp; Cli T^n.hillc <*M|.>rn<lM. pnrJy 

rnunirilyj lAi i|uatlninirlp. Moin.'iiia. rt.riiHctp <!»•«•< iio„ n /rtiuti 

(//olJin. iSfavruff/tieot Jonm^. r%J, ;{*».» 

glacial cycle’ may be found exemplified in these imnimains 
(r/, Kigs. 67 and bH). 

In the nearly hoHsontnl and well-joinled quartsile Ijcds of the 
summit area, glacial quarrying was favored, Here are found 
the largest cirques or the most extensive coale.scencc of cirques 
by the desi ruction of intervening divides. All the canyons are 
' I'lrm, map, pi. IV. 

* Davik, W. M,, Aww. Amvr Attn,, vol. I, p. 58, creditK E. 

mrhlpr with I Ur* firwt nyHlceriftlie KtAlPin<iii of Ihc PutliiiR down of clividi's 
by alpliK* Khu-iom, (iooirK)r)jlH>lo«i« l». t‘iil.*n*ur|MmRi*ii in dm Hoplu.Ippn 
/'tffprwa/./.'A MiUrilmigtH, Erx<'a<uri|^hvfl 132, ItlOO; al».i ](oaio< \\' 
II., Thp Cypk* of Moimtuiii tnociaiion, Ongr, Jour., v<iJ XXXV im V»u 
m and 2IIH-2M4, lUlO, . M mo 


182 FHY^lOQHAFHY OP WESTERS VSITBD STATES 


U-shaped. Many of thorn contain moraines. Hanging valleys, 
lakes in rock basixks, and lakes behind morainic dams are charac- 
teristic features. 

History. — The great Uinta fold seems to have been made 
near the close of the Cretaceous. With its growth began the 
enormous erosion which ultimately removed 7,0CK} cubic miles ^ 
from its summit. Along with this erosion went the accumula* 
tion of the surrounding Tertiary beds. From the uniformity 
of crest levels it is assumed that a peneplain was produced.^ 
The simplest conception is that the wearing down of the summit 
and the hlKng up at the base proceeded together until the central 
mass stood little if any above its local base level. Complete 
burial may be assumed in the pass where the Green River was 
superposed. Later regional uplift caused a few thousand feet 
of the new and poorly consolidated sediments to be carried away, 
thus increasing the relative altitude of the mountains and maldrig 
canyon cutting possible. The actual course of events may Have 
been much more complex, but these with subsequent glaciation 
arc the essentials. 

' POWBLL, Uk. cU., p. 201. 

* Atwood, Icc. eU.^ p. 10. 



CHAPTER V 


NORTHERN ROCKY MOUNTAIN PROVINCE 
DISTINCTIVE CBARACTBR 

In that part o( the Rocky Mountain Syatem that lies north 
and west of Yellowstone Park and within the United States 
the separation of mountains into distinct ranges is indefinite. 
Large tracts bearing distinct names may be separated by broad 
valleys, or onJy by canyons, or it may be that no one knows where 
the separation should be. The separate units may have any 
shape, some being as broad as long. Throughout more than half 
of the area the term range" is misleading. Most of the moun* 
tains are not arranged in lines, hence have no trend and no 
dominating crest, only a multitude of minor crests running in all 
directions between the streams of a mature drainage system. 
Neighboring divides are in general of nearly uniform height. 
In a wide view so many of these crests fall into nearly the samo 
plane that the sky line in many cases is almost horisontal though 
the valleys may be very steep and from 1,000 ft. to a mile in 
depth. Recent faulting or differences in rock structure or 
unequal erosion may cause one divide or peak to rise above its 
neighbors, but the uniformity is more striking than the excep- 
tions. The larger part of the area looks like an approximate 
peneplain raised to a level from 6,000 to 9,000 ft. above the sea 
and sharply disaected almost or quite to maturity. 

The continuity of the mountain landscape thus described is 
broken by occasional wide valleys with nearly flat or, it may be, 
hilly floors from 2,000 to 5,000 ft. below the mountain crests. 
The width of such valleys may be 5 or 10 miles or even more and 
their length much greater. Generally, but not alw'ays, such 
depressions are floored with weak Tertiary sediments in contrast 
with the strong igneous or metamorphic rocks that make the 
mountains. These are the much discussed Tertiary lake basins 
(page 219). 

Montana has a dosen or more Tertiary lake basins and its 
mountains are thus divided into more or less circumscribed 

1S3 
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Pjo, C9.— Ind» toftp of the Korlbera Kockx Moontaini. (Df»wa by Ouy- 

Har^d SmitbO 
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palchvs sometimes loosely spoken of as ranges. In Idaho, Ihc 
entire mountain area, except at (he northern end and close to the 
eastern border, is almost uninterrupted by valleys having suffi- 
cient continuity to subdivide the mountain mass into ranges, 
properly so called. 


MOUNTAINS OF IDAHO 

The mountains of Idaho are in several ways the most typical 
representatives of the Rocky Mountains north of Yello'vstone 
Park. Here the distinctive characteristics, the accordance of 



yi«j. 70.— \i«w on lh©I.olo Riilgcover tho Coevr D* A lone MounininA. showinit 
iho pletenu rhefaeJer. Thie akeCeh repreeenU the moat wldeaprrud chHracler 
of the reounteina in Idaho. (C*. S. Gtot. Surety.) 


crest levels, and the lack of linear ranges are seen in their best 
development and over the largest area (Fig. 70) - Here also is 
the largest urea underlain by rocks almost uniformly resislant. 
Moreover, much of the discussion concerning the physiographic 
history of the wider area has been carried on with primary refer- 
ence to the mountains of Idaho. 

Boundaries. — The outer boundaries of this great mountain 
area are for the most part clearly marked topographically and 
significant historically. In general the western and southern 
boundary is the edge of the Columbia and Snake Rivcrlava plains 
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where they abut against the mountains or (in the northern part) 
invade the marginal valleys. The altitude of the line thus defined 
is nearly 6,000 ft. in eastern Idaho but declines toward the west 
and north to about 3,000 ft. where the Salmon River emerges 
from the mountains. The northern limit of the area to be 
described here is set arbitrarily at Clark Fork. Beyond that, to 
the north, the mountains are less continuous though there is no 
sudden change in character. Toward the east the area extends 
to the eastern foot of the Continental Divide. On this side 
the Bitterroot Mountains, a distinct north^south range raised 
by faulting, are exceptional in character but are included here 
because of contiguity. 

Rocks. — Twenty thousand square miles of this area are the 
exposed surface of a great granite batholith, structureless except 
for local development of foliation.* The northern end of the 
area is mainly on the rocks of the Belt series (Algonkian), 
immensely thick and almost uniformly resistant. There are 
minor areas of undifferentiated pre-Cambrian and also of lavas. 
The rocks of the southeastern part of the area are folded and 
metamorphoeed paleosoics with some mcsosoics. Erosion here 
has been so conditioned by structure that definite northwest- 
southeast ranges have resulted. Elsewhere valley cutting has 
been about as easy in one direction as another. 

Local Names. — As might be expected where natural limits 
are lacking, names are applied to the several parts of this vast 
mountain areain an arbitrary and often confusing manner. The 
names Salmon River, Clearwater, and Coeur D’Alene Mountains 
seem originally to have designated the mountains drained by the 
respective rivers whose names they bear. According to such a 
plan the main ridge separating two drainage basins would bear 
two names, one for each side. To avoid this it is customary now 
to limit the name Salmon River Mountains to the area south of 
the main Salmon River, sometimes extending to the Snake River 
Plain, sometimes excluding the peripheral mountains which are 
drained in the opposite direction.* 

* Eldridqe, Gbo. H., a Geologic lUconnaisitiiee across Idaho, U. S. 
Geol. Survey, Wh Ann. Rgp(., pi. II, p. 220, 1806, accounts for the nearly 
north-south trend of certain minor constituent “ranges” by differential 
erosion on account of foliation. 

* In the area of folded paleoaoic rocks are three well-marked 
drained, in part, by south-flowing streams. These are the Beaverb^ 
Range or Continental Divide on the Montana border (for the use of t le 
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In like manner the name Clearwater is applied to the moun- 
tains between the Salmon River and the North Fork of the Clear- 
water, extending east to the Bitterroot Range and, north of that, 
to the valley of Clark Fork. As both the Clearwater and the 
Salmon have very short northern tributaries, the mountains 
in each case lie largely in the drainage basins of the streams whoso 
names they bear. The name (war D’Alene is applied to the 
mountains, or district, extending north from the Clearwater as 
far as Clark Fork and Lake Pend Oreille. For no obvious reason 
it is extended eastward almost 100 miles into Montana on the 
south side of the Plat head«( lark Fork Valley. The whole area 
is sometimes covered hy the name Bitterroot Mountains. This 
name in its more reslricled sense stands for a definite linoai 
range rising above the (’lea r water Mountains on the west and the 
Bitterroot Valley on the east, and extending from Lolo Puss in 
lat. 46^40' to Nez Perce Pass in la 1 . 45^40'.’ 

Summit Levels. — Anywhere in (his great area (excluding the 
Bitterroot Range) the major crests within a single broad view are 
of subequal height, indicating that before the cutting of the val- 
leys the whole region was one of small relief. With proper reser- 
vations, (his former surface may be callc<l an upraised peneplain.- 
Wherever this term is used it Is understood (o mean the surface 
which would ho restoreil by again filling the valleys. 

Despite the accordance of neighboring crests, the restored 
* surface, j.r., appnixhnalely the level of the ridge tops, is not level 
hut warped- The altitude of (he crests is greatest in the south- 
eastern part near the Montana boundary in lat. about 44^30^ 

nnmo aop J. H. (‘niplchy, V. R (irol. Hiin’oy, BuU. 57h, p. 23. 1013), tho 
liCmhi ItmiKP, sikI the Lo«l Itlver lisiiRo. Thr Boiho liAiigf* on thr wrst 
nn<l tlio Trinity on the south arr other I'XaiiipIrH of mwii jKTipluTsI rfthg<*x, 
Thr Hswtnoth Uangr in a coriHpinioux lUvIth* iK'lworn thr lirnclwalrpt of thr 
South Fork of thr Snlimm Uivrraiid thoar of thr Boiw* siul Ihiyrtto. 

' Thr applktttioh hrrr given to thr nanica BUtrrroot and Ornnsatpr 
Mountain 8 in takrn from Unilgrm, 1’. 8, (irol. Survey, Pr^. Paji. 27, ltK14. 
Fur thr rxtrnt aMsigntnl to thr Curur D'Alrnc srr K. C. Calkins, t). 8. Urol. 
Survey, Buff. 384, p. H. 1000. 

’Thr word *‘prneplain** Rignifirs *' approximately a plain.*' rnfor* 
tunatoly there is no singte tenti for thr niorr ronimon eaisr of a surface of 
moderate or small relief, i.r., ** approximately a peneplain,” Tliere is, 
therefore, a constant lendrney to use tlic word peneplain with more and 
more allowance for relief, espeeially when the Hurface inferred to no longer 
rxista hut is hypothetically restored by filling tip (he vallryfl (c/. Kierra 
Nevada, p. 413). 
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The Rreatest up- warp is along an east- west axis continuoiis at 
the east with the CenteoDial Range (the east-west portion of the 
Idaho-Montana boundary) and extending westward into Oregon, 
crossing the Snake River at the place where the Columbia 
Plateau is highest and the canyon deepest (page 260). 

From southeastern Idaho where the crest level is at 10,500 ft., 
the level declines both north and south. In 60 miles to the north 
it falls 2,000 ft., the altitude being 8,600 ft. in the vicinity of 


Fio. 71.— A portion of Poverty Plot. Salinoii River Mountnina. Idaho: 
tion 9.600 ft., bordered by eooyont with ii maximum depth of 6.000 ft. Tbti 
flat is a remnant of the old peneplain indicated by the wun crasta of the moua* 
tains in the background. (C*. S. Geot. Stmeg.) 

Salmon near where the Salmon River turns westward from it^ 
northerly course. It continues to decline northward in the 
Clearwater Mountains where it Is little above 7,000 ft. even on 
the east side. The Coeur D’Alene Mountains rise to 7,000 ft. 
only on the Continental Divide. The elevation of the Salmon 
River Mountains also decreases toward the west from the point of 
maximum height mentioned above. In long. 114^ near Challis, 
it is 9,600 ft.^ (Fig. 71). In the Sawtooth Mountains it is about 
9,000 ft., though exceptional peaks rise much higher. IR 
Boise Mountains it Is less than 7,000 ft. 

‘ Altitudes taken from J. B. Umpl^y, U. S. Geol. Survey, Bail. 528, P* 
24j and BttU. 539, p. 14. 
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The level of crests almost withio sight of the province boundary 
on the west may be given at 5,000 ft. in the north, 6,000 ft. in the 
middle, and 7,000 ft. io the south. Just what becomes of the 
hypothetical old surface as the margin is approached, is not 
always easy io say. It may be bent down or faulted down and 
covered later by the lavas of the Columbia Plateau, or it may 
descend to the level of the plateau and be continuous with the 
summit levels of that province.^ In any case it is much eroded. 

Locally there are considerable areas of nearly flat surface at 
the summit level. Poverty Flat near Challis contains 25 stjuare 
miles at an elevation of 9,600 ft.^ A few quartsitc hills rise 
perhaps 100 ft. above the general surface which bevels the inclined 
strata. In a very general way the breadth of the summits is 
greater in the middle of the Salmon River Mountains than near 
the edges or farther north. In the Clearwater Mountains some 
of the divides are still broad but the Cocur D'Alene district has 
only sharp ridges. Toward its western edge the old level is 
diffiGult to trace. 

The continuity of the crests and the forbidding character 
of the gorge-like valleys Is well indicated by the location of the 
two great trails, the Lolo and the Nez Perce, leading westward 
from the passes of the same names located, respectively, at the 
north end and south end of the Bitterroot Range. Both trails 
follow ridges. Lewis and Clark in 1805 crossed Idaho by the 
I/olo trail after failing to force a passage down the Salmon River 
Valley.’ 

Local prominences rise above the general level, either uncon- 
HUmed hills on an old erosion surface or perhaps (in some cases) 
due to recent faulting. Several areas contain peaks above 
1 1,000 ft. Most points above 8,000 ft. in elevation were centers 

* Lindoren, W., U. S. Cool. Survey, 201 A Ann. Htpt., pt. Ill, p, 78, states 
that “the whole mountain wgion should probably Ih* wgarded as a vast 
plateau separated from (he Snake River llaiiis h.v fault lin<*K.'’ In U. S. 
Geol. Survey, IWA 4nn. Refii., pt. Ill, p. 820, ho dewril>o«( the even Kranito 
erosta as declining graclually from 0,000 ft. to 4,000 ft. and lluit doM^ending 
with a atoeper elope below tlie Tertiary roeki of the plateau; Kick, John L., 
Been. Ge^fLf vol. XIII, 1018, states that the old oroaioii surf arc in the moun' 
tains is continuous with that on (he plateau. This involves the plu'sio. 
graphic history of the region to be referred to laler. 

’ UuPLEBY, J B., V. 8. Ocol. Survey, BuU. 539, p. 16, 1913. 

•Lindoren, W., U. 8. (led. Survey, Prof. Pap. ri, p. 0, 1904: and 
UurLEBY, J. B., BmU. 528, p. 17, 1913. 
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of PkistoccDe glaciation. In the Sawtooth and other high divides 
this was severe. Glacial features descend to 7,000 ft. in the 
Wood River Basin on the southern margin, and to lower and 
lower levels farther west, reaching down to 5,000 ft. in the 
valleys on the western side of the mountains. This difference 
in elevation is to be expected, in view of the fact that the snows, 
accountable for the glaciers, came from the west. 

Valleys. — Most of the valleys are narrow gorges, those of 
the main streams being 3,000 to 5,000 ft. deep, often too narrow 
and rugged to follow and so steep as to be difficult or impossible 
to cross. As late as 1904 the Salmon River was crossed by only 
one wagon road in 130 miles.* The central portion of the Clear* 
water Mountains is described as ^'a labyrinth of forested ridges, 
sloping gradually at first toward the canyons and then dropping 
off in precipitous descents.” Here and there are narrow gravel 
terraces, fragments of valley trains due to glaciation. Other 
terraces, cut in the rock, are likewise generally narrow and 
interrupted and more familiar in the northern part of the area 
than elsewhere. Still others, in the northern part, are of sedi- 
ments believed to have been deposited in lakes caused by the 
obstruction of the valleys by the lavas that built the Columbia 
Plateau. The arrest of down-cutting would at the same time 
cause the streams to cut latendly and make rock terraces.’ 

A few exceptional features of drainage deserve notice. The 
Sawtooth Range divides the headwaters of the Boise and Payette 
Rivers on the west from those of the Salmon on the east. The 
former are deeply incised and rapidly cutting down; the latter 
for some distance have perhaps the gentlest gradients in the 
region. This contrast should be thought of in connection with 
the westward tilt of the old surface whereby the profiles of 
west-flowing streams were steepened and those of east-flowing 
streams flattened. The Salmon, moreover, follows a very cir- 
cuitous course to reach the Snake which is not far off by way of 
the Boise. The west-flowing streams are therefore constantly 
capturing new territory and shifting the divide eastward.’ 

» LmDoaBN, W., ciL, p. 14. 

» On the terracing of theee valleys, involving in some cases four or Dve 
terraces, see HaasHST, Oacaa H., Some Tertiary and Quaternary 
of Western Montana, Northern Idaho and Eastern Washington, 

Amer. Bull, vol. 23, pp. 517-636; also abstract in same volume, p. 75, W • 
see also Lindoaek, W-, lot. ck., pp. 26-27. 

• LlMDQRBN, W-, I’. S. Geol. Survey, 18tA Ann. Rtpt.. pt. in, p. 62^, 
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Sasins. — Though the valleye of this region are generally of 
the canyon type some of them broaden locally into basins from 
5 to 15 miles wide, several of these basixks being almost as wide 
os long. Most of these are floored with Quaternaty deposits 
and several of them partly filled with Tertiary sediments. 
Among the best known of these valleys are the Idaho Basin,' 
probably in part diastrophic, lying east of Boise Kidge, and 
containing Idaho City; Smith Prairie on the Poulh Fork of the 
Boise, 30 miles east of Boise, S to 10 miles in diameter; and 



Fui. 72,*— neavcrhcftd Raniic from iJie aouth«‘<^it. The ranse ii on tlic 
I<lnho*MontBna boundary. Tho plain in Ihe foreground ia (lie floor of tlio 
LojnUi Vull^y (pago 222>. Tho anoolh emt of llio rnngo rpj>rpacnt4 the a\inmut 
|ioiie|>|iiin and the baat of the range b marked hy a fault which moy uiiledatc 
(he ]><>ne[iluin. In that ore tlie valley jb due lo eroaJon ns 

rx|ilaihe«t on pugo IDS. Klg. 7311. (/'AsTo Aitrood.) 

another on tho Payette, 20 miles north of Boise, 5 miles by 10 
and probably due to erosion. The Salmon River above Shoup 
(where the deep continuous gorge begins), runs through a series 
of such basins separated by canyons.^ The first is at the cost 
foot of the Sawtooth, perhaps a Pleistocene take bed 40 miles 
long and S or fl miles wide, with an altitude of less than 5,000 ft. 
and bordered on the west by enormous moraines from the Saw- 
tooth. At Challis on the same river is a similar bu.sin 10 to 15 
miles in diameter, with arms extending 10 to 15 miles up tributary 

^ Ljndoiibn, W., Im. eii ., p. 625. 

• Most of ihcnr Kusins art mealkmod hy Geo. H. Eldridgo, V. 8. Ccol. 
Kiirvcy, l&A 4nq. Hefii., pt. II, pp. 220-223, 1895. 
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streams. Its rich aUuvial lands are on a floor of Quaternary 
gravel. A similar basin occurs at the junction of the Pahsimeroi 
and Salmon. Prairie Basin, 15 to 20 miles west of the Salmon 
River and just south of the 45th parallel, is an intermontane 
valley believed to be deeply filled with glacial deposits. 

At Salmon and extending up the Lemhi Valley is a larger 
basin, flat and fertile, with an area of 250 to 300 square miles. 
This basin is cut deep in Tertiary rocks which themselves partly 
fill a much greater and deeper valley. The steep-walled valley 
is drained to the northwest by Lemhi Creek, but the valley is 
continuous to (he southeast with that of Birch Creek, the steep 
walls of the former being continuous with those of the latter. 
The divide between these two streams (lat. 44^30') seems to have 
been determined by the up-warp of (he old surface now indicated 
by the crest levels (see page 222).* 

The long troughs just mentioned are due ultimately to dias- 
trophism, though the country has since passed through at least 
one erosion cycle and the present valleys arc mainly erosional. 
The origin of some others of these basins is undetermined. A 
few seem to be satisfactorily explained by erosion alone but the 
nearly uniform character of the rocks limits the application of 
this explanation. Some of the basins are plainly associated with 
crustal movements, yet a nearly circular basin is not apt to be 
caused in that way. It may well be that different basins have 
difierent origins. Yet the analogy of the Tertiary lake basins 
of Montana, which are due mainly to diastrophism, favors the 
supposition that crustal movement hod much to do with these 
(see page 221). 


PuYsioGRA^itic History 

Order of Events on First Hypothesis. — Necessarily the intru- 
sion of the great batholith and the elevation both of It and of the 
rest of the region antedates any land forms now in existence. 
Deep erosion and ultimate peneplaning foUowed. To trace the 
exact course of events leads quickly into controversy, the main 

^ It is assumed by J. B. I'mpleby, V. S. Cool. Survey, Bull 528, pp. 23 
and 26, that the entire valley once drained to the southeast and that the 
northwest-flowing Lemhi has resulted from the warping of (he former 
surface. V. D. Kirkham, on the other hand, finds evidence that the early 
Tertiary streams flowed north almost from the edge of the Mountain prov- 
ince; Idaho Bur. Mines and Geol. Pamphlet Id, p. U. 1937. 
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point at issue being whether the peneplain was made before the 
existing basins or later. The former supposition Is the older 
and perhaps more common assumption. On this assumption 
the order of events was as follows: (1) The region was uplifted 
before any existing land forms were made. (2) It was reduced 
by erosion to low relief called, for convenience, a ‘^peneplain.'' 
(3) The peneplain was elevated, much as at present, and dis- 
sected by the present valleys. Whatever marginal flexures or 
faults now outline the mountain province were made presumably 
during this elevation though possibly started earlier.* (4) 
Floods of lava built the Columbia Plateau on the west, rising 
against the mountain spurs and invading the valleys, damming 
the outflowing rivers, causing lakes in which sediments wero 
deposited. The retarded streams, either above the sites of such 
lakes or, later, wandering over the sediments that filled their 
basins, cut laterally into the steep valley sides making occasional 
rock terraces which may have been veneered with river gravels 
(5) In time the streams carved gorges in the lava plateau, again 
lowering their downstream courses and restoring their cutting 
power in the mountains. (0) Most of the deposits made in the 
mountain valleys during the interruption were cleaned out and 
erosion of the bedrock again started. (7) Glaciation of the higher 
mountains caused valley trains, at places 300 ft. deep. (8) 
In posUglacial time the valley trains have been largely removed 
and erosion of bedrock is again in progress, although U is believed 
that not much headway has been made in deepening the valleys 
since the lava flows occurred. 

Origin of Basins. — The a-ssumed history of the broa<l basins 
may best bo given separately. If made by faulting or warping, 
these events may have accompanied the uplift of the peneplain. 
If made by erosion* they were (according to this hypothesis) 
made after the uplift. In either case some of them were deeply, 
although perhaps not wholly, filled with Miocene sediments which 
in some cases were deformed by still laler folding, after which 
ihcii surface was much lowered by erosion while the surrounding 
mounUins of hard rock retained their height. It is primarily 
the Miocene age of these sediments which led to the assignment 

• MANsriELD, Obo. R., m views the history of the Snake River Valley, so 
fnr os known, in U. 8. G«ol. Survey, Fnf/. Pap. 152. pp. 369-361, 1927. 

* UHPLEBV, Jos. B., Geology and Ore Deposito of Lemhi County, Idaho 
U. 8. Geol. Survey, Buft. 628, p. 28, 1913. 
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of the peueplain to the EJocene, though the conclusion is supported 
by analogy from British Columbia and by the relations of the 
Miocene lavas of the Columbia Plateau to the valleys of the 
mountain border on the west.' 

Order of Events on Second Hypothesis.— It is not to be sup- 
posed that this hypothetical history presents no difficulties. If 
the broad basins were made by erosion the question is raised 
how a few valleys came to be so exceptionally wide while the 
great majority are still gorges. If the Miocene sediments in one 
of these basins were made and folded since the peneplain, why 
has the peneplain itself escaped serious deformation? These 
questions and others are raised by Blackwelder, who presents 
an alternative hypothesis. > This assumes ( 1 ) that the broad 
valleys, whatever their origin, existed before the peneplaning, (2) 
that they were filled with weak Tertiary sediments, (3j that tho 
peneplain was developed on all rocks, strong and weak alike 
(except for its imperfections), and (4) that differential erosion 
after uplift again revealed the basins by partly or wholly remov- 
ing the weak sediments. According to this hypothesis the age 
of the peneplain is probably Pliocene. 

Between the two hypotheses here presented no dogmatic 
decision is now possible* but evidence in favor of a Pliocene 
peneplain, at least in the southern part of the mountain area, 
continues to accumulate. The disagreement would be much 
reduced by assuming that the divides in northern Idaho represent 

' Li MOORED, W., The Idaho Peneplain, Bcon. G$oI., vol. XIII, p. 486, 1918. 

’ Blackwelder, Eliot, The Old Erosion Surface in Idaho, a Criticism, 
Jour. Geol., vol. XX, pp. 410^14, 1912. 

* N'o attempt is made here even to mention all the pertinent pointa that 
have been raised. The whole discuaaion down to 1924 is satisfactorily 
summarised by George R. Mansfield io Jour. <7eot, vol. XXXII, pp. 472- 
487, 1924, He does not undertake a final decision but does not find the 
later hypothesis proved for the area in which he worked, t.e., southeastern 
Idaho. The following papers, beside personal communications, are cited: 

Umpleby, J. B., Jour. (Teof., vol. XX, pp. 139-147, 1912. 

Blackwelder, Euot, pp. 4 KM 1 4. 

Umpleby, J. B., tWd., vol. XXI, pp. 224-231, I91S. 

Atwood, W. W., Bcon. Gtoi., vol. XI, pp. 697-740, 1916. 

Blackwelder, Eliot, *Wd., vol. XII, pp. 641-645, 1917. 

Atwood, W. W., tWti., pp. 646-647. 

Rich, J. L., thid., vol. XIII, pp. 120-136, 191S. 

LlHDOREN, W., discussion, ibid., pp. 486-^88. 

LrviNOSTON, D. C., discussion, ibid., pp. 488-^92. 
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an older peneplain than Ihe one rccognUed farther south. It is 
in northern Idaho that the (presumably) Miocene lavas of the 
Columbia Plateau Invade the mountain valleys like an encroach- 





7H.— HypAthMii’A of 1\*f clary t>cnc[iluii«tir>n in Idaho. {ARfr Blaef^weldir.) 

A. An Korcnc pluin out arrow folded C'rrCa^^ui and «>]<ipr rorka, Later, 
hroad and drrs) vulkya were oxcsvaled and Chon |>arlly filled with Oliifo<^no 
urid Miomic artlimonta, In aclll more recent time itroarM have (wrUy diMccted 
the lilli.tv (cMenMaHy Mr. At wood's eoneeid ion). 

li. An early Tertiury anrface. either Hain or hilly, on which a thick aerlo# 
of Tertiary icdimenta was rle|*oaited. Afterward the renum was genUy folded 
and fuultcd so that the Tertiary beds were left alternately hIhivc utiJ Mi>w 
iMae level. In p<>sUMif>cenc times e peritMl of mmparat Ive riinrsecnce |terniit ted 
the outtina of a )>lBin over the eniire district, hut some of the weak I'erllary 
il( |»i>Bits were t^reservwl Wcauae they were far below base level. In eonseqnonco 
of a Inter streatiis ra|)idly eseavated and jdaue.| (he Tertiary de|>osits 

down to u new biuie level and at tbo same tine carved canyons and ra\'ines In 
Ike harder roeks adjacent. 

C. A broitd. deep valley was excavated early in the Tertiarj- period ond (hen 
more i.r Icwi completely filled with (>liKr>eene and Mioeeue deiHisjta ‘I he rcaion 
was Ihc^tdter reduced to a t*ene(dain. but a pari of the Tertiary dPiK>iilr >>ero 
so f nr Mow Uae |r*vol t hat ( hey could not t>e removed. Kuhseement re ju veoo t ion 
of the reau.n perndltCHl the streams to trench the TerliHry Wds ciukkJv and 
reduce them to a new plain. whUe the harder roeka adjacent were carved jni<« 
ninturo toponruphy with iM-caaional remnants of the peneplain. On tliia hvoo. 
thesis deformation of uny kind is eliromated. 


ing sea, affording the strongest evidence for the greater ago of 
the mountain topography. Quite independently of t'lis fact 
Kirkimm finds in the topognphy itself evidence of tvo pone- 
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plains in the northern area, both distinctly older than the one 
whose remnants survive farther south. ^ 


ReSOURC£S OF fH£ IDAHO MOUNTAINS 


The resources of the Salmon River, Clearwater, and Coeur 
D’Alene Mountains consist of their minerals, forests, water 
power, grazing lands, and soils. The precious metals have been 
mined with more or less success for many years. No very great 



Pig. 74._Vi»w north owr tho Coeur D'Alene MounUin* nenT Werdnar. 
Iduho. ThU u en important mining dirtrict. The roounUina arc eeen to be 
the reault of diMeetion ot e pUteau^Iike uplift. (,(/. 8. Geol. Sump.) 


y 


camp has been developed, although the Coeur D'Alene district 
furnishes one-third the lead of the United States. The moun- 
tains are well forested except the highest peaks or ridges. The 
lumber industry is fairly active in the mountains surrounding 


'Kiskham, V. D„ pereonni communication. In PampklH 10, Idaho 
Bur. Mine$ and Cicol., pp. 11-13, Kirkham adds hi* twtimony to tho 
Pliocene age of the peneplain on the border* of the Sn*ke River down-warp. 

C P Ross concludes from his field studies that the region between the 
Salmon River and the Snake River Plain wa« virtually peneplaned both 
before and after the period of Tertiary vulcanism, presumably Miocene, 
the earlier peneplain being sharply inched by valleys before the volcanic 
eruptions (Wash. Acad. Sci. Jour., vol. XVIII, p. 268, 1928)^ For older 
peneplains see Amobrsoh. A. L.. CreUceoua and Tertiary Planation in 
Northern Idaho, Jour. Oeol., vol. XXXVII, pn. 747-764, 1929, 
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CoeuT D’Alene and Pend Oreille Lakes. The intennont basins 
have considerable areas of fertile soil. So also have the river 
valleys like those of the Wood and others on the southern margin 
which broaden in the mountains as they approach the Plateau 
province. In these areas bot h climate and soil favor the common 
crops and orchard fruits of northern United States. The volume 
of the streams is sufficient to irrigate large areas and afford vast 
water power. The abundant grasslands supply hay and pasture. 
Sheep are herded in great numbers in some valleys. 

These resources are attractive but, except for the forests, they 
concern but a small fraction of the vast area which is mainly 
a wilderness, In 1904 Lindgren wrote of the ('learwater Moun- 
tains as viewed from Bald Mountain near the western edge, it 
is "a wild and lonely country with not a settlement or even 
miner’s cabin in the first 80 miles, while to the west, 4,000 ft. 
below, is the undulating plateau of Camas and ICamiah prairies 
checkered with fields of waving wheat or wild grass.” Most 
of the area is embraced in government forests and, so far as can 
be foreseen, should form one of the chief permanent forests of 
the United States. 

BiTTKftROOT Mountains 

Topography.— The Bitterroot Range is part of the compact 
mountain mass of Idaho mountains and inseparable from the 
Clearwater, but, being a linear range, in some ways distinct in 
character, it requires separate description. The mountains 
between Lolo Pass on the north and Nes Perce Pass on the south 
(page 187) rise rather abruptly from 1,000 to 3,000 ft. above their 
neighbors on the weal and 5,000 to 6,000 ft. above the Bitterroot 
Valley on the east. An altitude of about 9,000 ft. above sea- 
level is fairly constant among the higher peaks and crests, but 
the height increases toward the south where Trapper Peak rises 
to 10,175 ft. The “saddles'* or passes between these peaks aro 
generally between 7,000 and 7,500 ft. high. 

These mountains, while not remarkable for great height, are 
among the most characterislically alpine of the United States. 
Everywhere the effects of alpine glaciation are prominent. What 
with precipitous cirque and valley walls at high levels, swamps 
in U-shaped valleys, and a close-set jungle of pine and under- 
brush in the gorges, the region is all but impassable. A single 
safe but very difficult horse trail crosses the range, or did in 1904 ‘ 

• LwnoRKJf, W., IT 8. G«)|. flurwy, Pap. 27, p. 41 . 
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The contrast is striking between the snow fields and serrated 
peaks of the Bitterroots on the one hand and the monotonous, 
heavily timbered ridges of the mountains to the west not 2,000 
ft. lower. The general accordance of summit levels in the Bitter- 
roots is very marked' and suggests that they have been carved 
from an uplifted surface which was not far from a plane. 

On the western side of the range the summit levels of the 
Bitterroot descend within a few miles, generally not more than 
10 or 15, to the general level of the crests of the Clearwater 
Mountains, which in its eastern part is generally between 7,000 



Fjo 75.^View •outhw«it trom MonUn». »howin* 

Bitterroot Valley wid the anootb front of the Bitterroot 
for expUnotion. (U. S. 0«ei. Survey.) 


and 8,000 ft., rarely more than the latter. The western side of 
the Bitterroot Range is marked by deep, strongly glaciated, 
U-shaped valleys which merge into the V-shaped canyons of 
the Clearwater at the lower limit of glaciation. Between these 
valleys are serrate spurs whose pointed crags have a rough agree- 
ment in altitude. 

Eastern Slope.— The eastern slope of the range is in a large 
way almost a plane, inclined at an angle ranging from 18 to 
26 deg.* It has the appearance of having once been a perfect 

• /(tern, pb. Vn B .nd VIII A. . 

.LmD«RE«. W., loc. «i., pis. I. n, in, «»d IV; see also U. S. Geol. 

Survey, topogisphic map of the HamUton, Montana, quadrangle. 
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inclined plane, scored later by 20 or more consequent streams 
which now descend the slope in nearly parallel gorges (Fig. 75). 
The upper portions of these gorges are, as might be expected, 
thoroughly glaciated and often typically U*shaped.* The lower 
unglaciated portions are V-shaped and apparently very young. 

Both structural and physiographic evidence indicates that 
this eastern slope is a fault scarp (or fault-line scarp) whose 
present inclination is essentially that of the fault plane itself 
(Fig. 76). This plane is exposed in a horizontal belt four miles 
wide, the height of the slope being 4,000 to 0,000 ft. It is not 



ViQ. 70. — Diacram oi IW ffont of BiUrrroot RnnK(^. It is i:i*npro^)> 
UKToed thui the foot of the nnv mnrk* the poeition of » fwut fault, niid Ihnr 
the mountain front rttrrMiMiride more or leas rloeely with the fuult jdone, U 
tliB iearp ho in its first cycle <»f croMon the <ltjuii-lhroM‘ it iiecoMarjIy uti the 
eaat, the last movonjent ar, roeent that the lower t»arl of the slope i* ulmoet 
unl^rjwd hy erosion. If it be MaMmed (hat the fault acarp ia in Jt# Beron<l 
cycle the fuuK may have Ijooti a ihnirl, hy mean* of which weak Tortiar.v l>ed* 
on the eanl were hrmiaht into contnel wUh the alrcMie sneiaa on the west. It 
inu*l then be assnmcrl that the weak bed* were eroded, und the jtiieissie hloek 
*lrjp|>ed, SO raj>idly that the lower part of the riorie ia not yet altered by erosion 
{Aflcr LiHdffrtH, I’. S. G<ct. *S«rrey.) 

to be assumed that the range is a simple tilted block with a dip 
slope to the west. That would scarcely be consistent with a 
fault dipping east at so low an angle. It is more likely raised 
above the (’leurwuter Mountains by faulting as it is from the 
volley on the cast,* The language here used, following custom, 
assumes that the mountains and the fault scarp are in their first 
cycle of erosion. Consideration must also be given to the 
hypothesis that the fault is old and the topographic features 
in Ihclr second cycle (see Fig. 76). In that case it is quite as 

^ This i* u technical expreswon, not lo lie t.lien loo litcnillv The tvpienl 
Kliiciul tmush U wulcr ul the top than at (he holtojn. Ilx 
clo<« not have (he |«.ralld mcI.w of (lie kdler Davi* has sugaca(o<l 

ihi. u.rm ' catenary •' (the fom. of a looae rliai,» held bv the enda) hot it 
litui not mine into general umc. 

* Linmhkn, W., loe. fU~, p, 40. 
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likely that the fault is a tKrust with upthrow on the East. It is 
so mapped and interpreted by Flint.* 

The upper portion of the eastward-sloping mountain face 
was necessarily exposed first, whether by faulting or erosion. 
Consequent streams began there and were elongated downstream 
as the displacement or erosion increased. Hence it is in the 
upper portion that the valleys are oldest and deepest. The 
effect of this excess of cutting in the upper portions, emphasized 
by glacial erosion, has been to carry the main divide westward 
and down the west slope of the mountain block. This explains 
why the highest peaks of the Bitterroot are not on the main 
divide but on the spurs east of It, in one case as much as 10 miles. 

The lower ends of the valleys descending the east slope are 
so young as to indicate that the valley is still deepening. Near 
the foot of the slope these valleys are separated by facets of the 
faulting plane, but little eroded. Moreover, some of these 
valleys have a higher gradient near the foot than farther up. 


MOUNTAINS OP THE CANADIAN BORDER 


General Statement 


Internal Boundaries. — From the Great Plains on the east 
to Pugot Sound on the west, the International Boundary trav- 
erses a maze of mountains almost unrelieved by broad valleys. 
Sevoral ranges on the east are exceptional in their linear form and 
jagged crests, but west of that the type is mainly that described 
on page 183, although continuity is not so remarkable as in 
central Idaho. There has been much confusion in dividing this 
great mass and in naming its several parts. Daly has under- 
taken to introduce system and order* and he seems to be generally 
followed except in the use (in the United States) of the term 
“Rocky Mountains.” 

As these mountains cannot be divided into structural units 
and all have nearly the same character, certain valleys have been 
selected as lines of division. These valleys are chosen for their 
continuity rather than their breadth, although several of them 


» Flint, Rickard Foster, A Brief View of Rocky Mountain Structure. 
Jour. Qtd., vol. XXXn, pp. 4I0-43I, 1024. . 

• Dalt, Rboinald a., The NomencUture of the North Amenc^ CorC • 
lera between the 47th end 53d Perallele of latitude. <7e.^. 

XYLYll, pp. 586-606, 1906; abo Geology of the North American Cordil e 
at the 49tb Parallel, Can. Gcol. Survey, Mem. 3S, 1912. 
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are locally expanded. At least two of these are continuous 
beyond the basin of any one stream, their several parts being 
drained in opposite directions, Such continuous topographic 
depressions are called trtnche$. The continuity of such trenches 
is in part structural but was made more perfect by glacial erosion 
which lowered the divides between streams that are in headwater 
opposition. Four great valleys, two of them classed as trenches, 
are of the first rank. 

The Rocky Mountain Trench, only 60 miles from the Great 
Plains, is probably the greatest of its kind in the world (see Fig. 
09, page 184). It extends 800 miles northwestward from Flat- 
head Lake in Montana and U drained by eight different slroams. 
Alternate streams flow northwest and the others southeast. 
With a different character the depression is continued directly 
south another 150 miles by the Flathead and Bitterroot Valleys. 
The Kootenai River in its southward course occupies (he trench 
at the International Boundary. 

Sixty-five miles to the west along the 49th parallel is the similar 
Purcell Trench, which here carries the waters of the Kootenai 
northward. Those two trenches intersect about 200 miles 
north of the International Boundary. In line with the Purcell 
Trench extended soul h ward Is the valley which contains Lakes 
Pend Oreille and Cocur D'Alene.' 


The headwaters of the C'olumbia River arc in the Rocky 
Mountain Trench which it leaves at about the 52d parallel, flow- 
ing south in an almost straight line to the Columbia Plateau in 
Washington, crossing the International Boundary about 50 miles 
west of the Purcell Trench. For the purpose here in hand this 
part of the (‘olumbia's valley is called the "Selkirk Valley."* 
Fighty miles west of the Selkirk Valley is the broad valley of the 
lower Okanogan, west of which are the C'ascadc Mountains. 

The great valleys and trenches here named outline the larger 
units of the Northern Rocky Mountain province near the 
Canadian border. Daly would use the term " Rocky Mountains" 

' The iouihwftrd cxteneloM of the Itocky MounUln nnd Purcell Trenches 
are m.Kge.tod by P. C. Cslkin, in U. S. Ocol Survey, BulL m im 

iLWor vsire)- occupied by the lower Kottk 

Uivor and Chr«t.n» Uke juat wcot of the I \Hth meridian would cut off an 
cMtward detour of the Columbia River which embmcca the Rossland Moun 

but profera to uec the actual couree of the Columbia JUvr- to . 

the mam mountain aroupa. ““paralo 
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for the ranges between the Great Plains and the Rocky Mountain 
Trench and no others.* West of them are the Purcell Mountains 
extending to the Purcell Trench, and west of them the Selkirk 
Mountains extending to the Selkirk Valley. The term “Colum- 
bia Mountain System*’ is proposed by Daly for the mountains 
between the Selkirk and Okanogan Valleys. Pardee states that 
these mountains are known as the Okanogan Highlands. This 
would bring the naming of this group into harmony with that of 
the other three, each of which bears the name of the trench or 
valley on the west.* 

In addition to the four valleys of the first order, seven others 
arc designated as boundaries. Together, these divide the 
province into 12 north-south strips each with its own name. 
Most of the strips are marked by a north-south line of higher 
mountains, called a “range.” The difference between these 
mountains and those of central Idaho is not so great as might bo 
inferred from this statement. Most of the dividing valleys are 
gorge-like. Except for the two main trenches, the spaces between 
the “ranges” are occupied, mainly, not by valleys, but by other 
mountains a little lower and of essentially the same character. 
Everywhere, except on the eastern margin, accordance of summit 
levels prevails. 

Rocks and Structure.— The exact physiographic history of 
these mountains and their relation to structural deformation are 
not wholly clear, but the following facU are apparent from 
Daly’s maps and cross-sections.* 

The strong metamorphosed beds of the Belt series east of the 
Purcell Trench are moderately folded and closely faulted along 
north-south lines. From the Purcell Trench almost to Clark 
Fork (just west of the Idaho-Wasbington boundary) the closely 
compressed and highly metamorphosed paleozoic rocks are 
almost vertical and north-south faults are not noted. West 
of that, abundant intniaives and volcanic rocks have complicaUd 
or obscured the folding so that outcrops are in irregular patches 


» This is not nec«»rily inconsistent with the use of the Unn Northern 
Rocky Mountain prowwe" to designaU a wider area, since wy large area 
mav receive iu name from certain characteristic features wi to Jt. it w 
doubtful, however, whether a geographic name whose application 

been broadened by custom can again be restricted to a wme" Indian 

1 Pardbb, J. T., Geology and Mineral Resources of the Colville India 

Reservation, U. S. Geol. Survey, BulL 677, p. 14, 1918. 

^ Daly, R. A., loc- eii., vol. HI, maps. 
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instead of north-south belts. None (he less, meridional valleys 
prevail through the entire extent, though they are more widely 
spaced in the western part where north-south structural element .s 
are not now apparent. 

East of Purcell Trench, where faulting abounds, there is no 
evident correlation between past crustal movements and present 
altitude. Koughly speaking the ranges are outlined by faults 



?7.^L<KjVin« east ov<^r the bcavQy wooded mount nin« of the NoUoi. 
Uimge WMt uf the Purcell Trench, north oS the -mh inrollel. TUrpc moiintnhiA 
have Wn curved tmm an He'ntcd peneidain and u^i-rriddei' lutc«r hy the 
Cordillcran ice ahect. The rocka are comdomerntce. t|uarttiies. aeluKts. and 
other Btroni roeki greatly deformed and •tandiiiK at high anglea. (InlrrnitfuiHul 
HouHtUm CommUtion, DtpartmriU o/th< Interior. Canado.) 


Imt they seem to be independent of upthrow and downthrow. 
The relation to folding is otjually obscure. At least one mountain 
is synclinal and a number arc monoclinal but the rocks (west of 
the front ranges) are so nearly equal in resistance that no exten- 
sive correlalion has been made out between altitude and resist- 
ance of beds to erosion. The larger number of prominent 
streams follow fault lines. To what extent they took these 
courses by following structural depressions and to what extent 
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they have subsequently followed faults as lines of weakness is 
undetermined. 

Physiographic History. — The great majority of geologists 
would interpret the forms of these mountains as involving at 
least two cycles of erosion^ one to make the imperfect peneplain 
and another to carve the valleys after uplift. It may readily bo 
assumed that uplift was unequal and that near the eastern margin 
(Clarke and Lewis Ranges) it was so great that all vestiges of 
the peneplain have been destroyed (cf. Figs. 77 and 78) . It is well 
known that a two*cycle history involves adjustment of drainage 
to rock structure, streams foUowing the weaker rocks so far as 
possible. Throughout most of the area the differences in resists 
ance are so small that the absence of adjustment does not 
greatly embarrass the theory. In the front ranges, however, 
such contrasts are significant. The imperfection of adjustment 
there is not satisfactorily explained.' 

As opposed to the two^ycle explanation Daly presents the 
hypothesis that the mountains were made by a single uplift and 
have never been peneplaned but that, in the process of wearing 
down, the more rapid degradation of the higher parts has resulted 
in approximate equality of ridge heights. The essentials of this 
hypothesis are: (1) that on account of isostasy and concurrent 
erosion, mountains are raised with increasing difficulty beyond 
a certain level; (2) that wasting becomes increasingly rapid with 
increase of altitude. Above the level where trees stop and glacial 
cirques form it is believed that the destructive agencies are at 
least several times more efficient than immediately below that 
level.* 

This theory assumes that the present mountains are the 
remains of those which were raised by the folding and faulting, 
presumably in the Laramide revolution. Minor uplifts are 
assumed but do not affect the theory. It is also assumed that 
streams have in the main inherited their courees from those 
originally chosen along structural depressions. 

Since, with respect to accordance of summit levels, this area 
is part of a vast region extending far to the south where the 
hypothesis of peneplaning is satisfactory and no other has been 


• Idem, pp- 603 and 609. . 

t DAI.T R. A., The Accordance of Summit Levels among Alpme Moun- 
tains, Jour. Giol.. vol. XIII, pp. 110-125, 1905; also Can. Geol. Survey, 


Men. 3S. 
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considered, it seems best to use (he assumptions and the ter* 
minology of the two-cycle hypothesis in describing the Canadian 
border. 

Ranges East op the Rocky Mocntaw Trench 

Raises in Glacier National Park. — The Lewis Range is (he 
front range in northern Montana, extending south to the Black- 
foot River ((at. 47^). Its best known portion is the 50-mile 
stretch between the Canadian border and the Great Northern 



Fio. 7K.*— I^kifiR rail aeroM Flath««4 Vullcy fault Irouith tc the Clarko 
Ruofte ju$t north of the Int«rn«(»oniil boundary and of GlaHor National Park. 
Duaeetion by iJaciora ia the principal proccaa auxgcatcd by the mountain forma. 
Contrary to the Rcncral rule in th« Northern Rocky MounUina there ia Ijero 
no itcitoruJ level to which creeta riac and no auKgcation of an evon-toppod mnaa 
from which the mountalna have been carved. ilnternotion^I Bound^rv Con* 
mwiion. Deporfmrnl e/ (Ac interior. Conodo.) 


Railroad. Here Glacier National Park embraces the mountains 
cast of the upper Flathead Valley, a strip about 20 miles wide 
which includes also the Clarke Range eight miles west of the 
Lewis and so closely related that the two arc only locally dis- 
tinguished.' Both ranges have craggy peaks reaching altitudes 

* Willia called thk nuigc Uvingston because of ita continuity with tho 
Canadian mngo of that name. For varioua reasons (sec Can. Oeol. Survey 
Mem. 38, p. 28) Daly has subelituied the name Qarkc. Uwis and Claike 
m their expedition of 1803-8 are believed to have been (he fim white men to 
visit them* ranges. 
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from 8,000 to more than 10,000 ft., or 2,000 to 3,000 ft. above the 
tree line (Fig. 78). The peaks are separated by U-shaped 
passes as low as 5,500 to 6,500 ft. above the sea. The ranges 
themselves are here separated by a deep and continuous valley 
draining north and south from the middle. The level of Water- 
ton Lake (4,186 ft.) on the north-flowing stream is lower than that 
of the Great Plains (5,000 ft.). Flathead Valley on the west is 
still lower (3,500 ft. at the Canadian boundary). 

This double line of mountains is remarkable both for its 
structure and for its eroslonal features. The whole is a synclinal 
block, each limb cut off by a steep outer face, the two ranges 
being formed by the upturned edges of the strata, dipping 
generally from 6 to 30 deg. toward the central trough. The 
entire block constituting the mountain ranges has been pushed 
eastward by one of the greatest thrust faults known. The 
Algonkian dolomites, quartsites, and slates, which constitute the 
mountains, have been pushed out over the Cretaceous shales 
which underlie the plains. The thrust plane is almost hori- 
zontal, being nowhere seen to dip more than 10 deg. It can be 
traced for seven miles* in the direction of thrusting, but the 
extent of the thrust was much greater because the overthrust 
block has wasted by erosion. There is clear evidence that the 
thrust was at least 15 miles and it may have been much greater.’ 
The vertical component of this faulting is several thousand feet. 

This great thrust block, consisting of moderately dipping 
strata, is given a steep easterly face by sapping. As the under* 
lying weak Cretaceous shales are eroded away, the stronger 
rocks above break off and the escarpment retreats. The moun- 
tain front is deeply scalloped by narrow bays heading in branch 
ing canyons whose walls, some of them nearly 5,000 ft. high, 
rise close to the crest of the Lewis Range. Intervening prom- 
ontories rise boldly 3,000 to 4,000 ft. above the Great Plains, 
There are also outlying remnants. 

The scenery of these mountains is closely related to its struc- 
ture. The so-called “architectural effects in scenery are 
commonly associated with beds alternately hard and soft, and 
either horizontal or dipping but moderately. The effect is 

» WxLus, Bailey, Stratigraphy and .«itrucfure of the Lewis and Livingston 
Ranges, Montana, Geo!- Soc. Amer. BuU., vo!- 13, p- 307, 1902. 

« Campbell, M. R„ The Glacier National Park, a Popular Guide to Its 
Geology and Scenery, V. S. Geol. Survey, BuU. SOO, p. 12, 1914. 
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heightened if the beds are distinctly jointed. These conditions 
are quite as significant in the erosive work of ice as in normal 
erosion. It is largely to a favorable combination of such con- 
ditions that the mountains of Glacier National Park owe their 
exceptional scenery. 

Vigorous alpine glaciation (Fig. 79) has left craggy peaks of 
great height and steepness^ cirques with almost vertical wails 
several thousand feet high, U-shaped valleys, knife-edge aretes. 


Fm. 70.— Smi« In Ckckr Xttiem»l Pnrk vtiowiuK OrmitHI and Ohinor. 
The* K<*nUc dip of Jh** rock* i* »cll 1'1»p ab.ipr vccorno* a rlr<jup nhow- 

wmIJ* were mndc almnal vrrtiral arid cnuKcrl to rrJrral Ky plijckina at tho Imw. 
The aumc lo true «)f the two nearly vertical dmp* in t!ie vallry, Aite parU) hl'ldcn 
liy I ho ice, the other bchlnrl iIk* luke, 'J'hc |>yrumitia] form of the mount nirm 
Ht the left ia very chararterialic, t heir aleep facea lieina the aide* nf sinchil i rouuhr. 
The ndsc l)chind the idiiclcr, known aa the Cartlcu Wall, if a typical alpine euinl, 
or 'arete*' left between expandinK eirquea on Imtii aide#. (Cf. Klic. rn), puKc 
103.) The lake baoin wt4 foufed out by the flacicr at a lime of creuter extent 
{Copynff^ Oy Fred //. iCurr.) 

lakes in rocky basins, and lakes held by morainic dams. 'I'he 
features of the Clarke Range arc similar but (he crags arc loss 
steep. A considerable number of gluciere remain lo (ho present 
time. Although much reduced in sise their work of sculptur- 
ing the mountains is still in progress and may be studied lo 
advantage.^ 

Nothing here suggests an ancient physiographic history or a 
second cycle. Not only are there no remnants of a former plane 

Wm. C., Glacicn of Glacier NittonoJ Park, I^ S. JX.pj 
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surface; there is even no accordance of summit levels, although 
Willis believes that such accordance might appear along lines of 
strike by undoing the effects of recent warping. 

The upper Flathead Valley is a straight, open valley five to 
eight miles wide, underlain in part by Miocene beds and partly 
hi led by glacial deposits. It is drained by a copious south- 
flowing stream which, 40 miles south of the International Bound- 
ary, turns west through the next range of mountains to enter 
Flathead Lake in (he Rocky Mountain Trench, 

Gaiton and McDonald Ranges. — Between the upper Flathead 
Valley on the east and the Rocky Mountain Trench on the west 
is a belt of continuous mountains generally 6,000 to 7,000 ft. 
high. The highest summits ore in two parallel lines near the east 
and west margins, known respectively as the Gaiton and McDon- 
ald Ranges. Both lines are on fault blocks but the relation of 
faulting to the relief is questionable. 

These ranges resemble those to the east in their linear form 
but they lack some of the alpine features. The crests are gen- 
erally accordant as in most of the mountains to the west and only 
a few of the highest poinU rise above the forests. The difference 
in scenery is in part due to rocks. Both are of pre-CambriaD 
Bcdimcntaries^ largely metamorphosed, but much greater con- 
trasts of hard and soft beds are found in the Clarke and Lewie 
Ranges than anywhere to the west. The Galton-McDonald 
belt was plainly reduced to low relief (for short, a peneplain) in 
a former cycle. It is conceivable that the same peneplain covered 
the mountains to the east and that their present character is 
duo mainly to greater elevation with the resulting increased 
erosion by water and ice. 

Southward Extensions.— The description here given of ranges 
east of the Rocky Mountain Trench apply primarily to the 
mountains north of the Great Northern Railroad. Similar 
structures extend in range-like form, either continuous or en 
echehn, southeastward to the Black foot River in lat. 47®. The 
altitudes are similar and the effects of alpine glaciation are often 
striking although not equal to (hose in Glacier Park.* In line 

* The U- S. Geol. Survey's geologic map of North America classifies them 
all as Algonkian. On the maps of the Canadian Geol. Survey, Mem. 38, 
most of them are classified as Cambrian. 

» CHAPAiAK, Robt. H., Notes on the Structure of the Rocky Mountains 
in Lewis and Clarke Timber Reserve. Montana, Trane. Amur. Inst- Mm. 
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with the Gallon and McDonald Range Is (he Swan Range and 
west of that the Mission Range, apparently a fault block tilled 
east and carved into peaks and ridges of accordant height. The 
Cordilleran ice cap. having covered the low northern end of tliis 
range, thinned toward the south and came to an end leaving the 
high southern end free from the ice sheet (Fig. 80). It v/as high 
enough, however, to support alpine glaciers of its own.* 

The Rocky Mountain Trench at and south of the International 
Boundary has a floor of smalt relief covered with glacial drift 



Ho. 80-— Digram nt MiMion Ranjs^, Montana. tr>okms ea*t. The 
aoulh<jrri entl nouriaheU visormia alpine tlaeiera which plowed tlicir UoukIh to 
the foot of the roriise. WhU diminialiiiix altitude toward the north ihcic fcalurce 
*10 IcM morked. The KootenaU Hat hood lolie of the <*ordiUerai> lee ehoct 
ecoured tKo northern end of the ranee. Iia terminal moraine lies ui'Minat the 
ranfce at the north but decline* in altitude southward und awina* ucroM the 
plain cncloeinK Klutheod Lake, lletwcon slHciMl troujthe the range la iiormnllv 
eroded. (AfUr IhtntA 

and alluvium. Terliary sediments partly fill the valley around 
Flathead Lake. These cover a fault block (or blocks) downthrown 
on the east but upthrown (as shown in Daly’s sections) with 
reference to the mountains on (he west. 


Mountains East op the Puiicell TnENcH 


Purcell Mountains. — The Purcell group embraces throe of the 
minor ranges which cross (he 49th parallel. The height of their 
accordant crests generally approximates 7,000 ft, Being thus 
below tree line they are monotonously covered with forest except 
for a few masses not reduced to the general level (maximum 
altitude 7,5J8 ft.), Because of approximalc uniformity of 
stren gth of rocks the scenery is lacking in detail. They have 

vol, ^IX, pp. 153-166, IfMW. The cro**-«Tl ion given by Chapmun 
*how« folding and many faulU; •«» alto hevAH, Arthur, The lloeky 
MounUin Front in Montana; Oool Amer. BuU., vol. 40^ pp. 427-468, 


' Davis, W. M., The Miseion Range, Montana, dcoar. Rn vol Tl 
pp. 207-288, 1016; also Feature* of GUeial Origin in Montana and Idaho’ 
Amer. Ceogr. Ana., vol. X, pp. 75-147, 1020. Thcae two paprrti 
givp a ^ g.n.ral cl(w-nptnn of th. phyaioKraphy of tho Fladion.l Valtrv 
and ndjnrenl mountaina. ’umy 
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none of the “architectural features” which characterize struc- 
tures of alternatiDg hard and soft beds, and which are so well 
exemplified in the front ranges. Moreover the features due to 
alpine glaciation occur only on several high masses, most of the 
rest having been overridden by the Cordilleran ice cap at least 
as far south as the transverse gorge of the Kootenai (Fig. SI). 

Cabinet Mountains. — South of the Kootenai Gorge are the 
t'abinet Mountains which were not broadly covered by the ice 
cap but whose lowest pass, the north-south valley in which is 
Bull Lake, was occupied by a southward-moving tongue of the 
(’ordilleran ice.* The topography of the Cabinet Mountwns is 
more like that of the Coeur D'Alene than like the rest of the 
Purcell group. In the middle portion of this range south of the 
Kootenai Gorge is a considerable area of quartzitic rocks, together 
with some granite rocks, never reduced to the prevailing summit 
level (maximum altitude 8,500 to 9,000 ft.). This high arc^'^ 
supported its own local glaciers and is now typically alpine. 

Flathead Mountains. — ‘Northeast of the Cabinet Range, 
between it and the Rocky Mountain Trench, is the Flathead 
Range which, like the Cabinet, is separated only by a gorge from 
the Purcell Mountains proper. The Flathead Mountains are 
similar to the Purcell but more reduced. Between them and the 
Cabinet Range is a distinct depression with mildly hilly surface 
dotted by many lakes, the result of the Cordilleran ice sheet which 
covered the valley after passing over the Flathead Mountains. 


Selkirk Mountains 


The Selkirk Mountain System, very prominent in Canada, 
extends south of the International Boundary a little more than 
one degree of latitude to the Columbia Plateau. It comes to an 
end in the detached group of granite hills west of Lake Coeur 
D’Alene.* This system between the PurceU Trench and the 
Columbia Valley is subdivided into three ranges by the valleys 

of the Priest River and Clark Fork.* x / 

The structure of the eastern half differs from that of the 
mountains on either side. Here, in addition to granite, are 

1 Pardee, J. T., The Glmcial Uke Missoula. Jour. GeoLy vol XVIII, 


p. 332, 1910. 

* Calk IMS, F. 

* Sometimes 


C U S Geol- Survey, Bull 384, p. 13, 1909. 
called the Pend Oreille River after ieevui* 


Uke Pend 


Orel lie. 
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Paleozoic and perhaps older fonnations of great thickness and 
strength, conglomerates, quartsiUs, dolomites, schists, and 
phylJites, greatly compressed and metamorphosed, Vertical 
planes abound, some of them due to upturned bedding, some 
to schistosity. 

Such is the substructure of the easternmost or Priest Range. 
Even in this the crests, now well above 7,000 ft., were reduced to 
accordant levels. On account of their altitude they failed to be 
covered by the Cordilleran ice cap but themselves became centers 
of alpine glaciation and were thus carved into the most rugged 
forms to be found between Glacier National Park and the Cascade 
Mountains. The Kaniksu Range on the VVashington-Idaho 
boundary west of Priest Lake has the same structure but lacks the 
altitude and resulting alpine features. 

The mountains west of Clark Fork, though members of the 
Selkirk system, are more like those of the C'olumbia 83 ^tem on the 
west and need not be described separately. 

The Columbia Svstem 

If the division of mountains on the Canadian border were 
made on the basis of structure instead of topographic continuity 
the area between Clark Fork and the Columbia would be allotted 
to the Columbia system instead of to the Selkirks. From long, 
llT^Ky westward, abundant intrusive and volcanic rocks have 
in large part masked the old north^south structural features 
which arc believed to have prevailed and which still appear where 
the metamorphosed sediments are preserved and exposed. 
Considerable areas arc occupied by batholiths now denuded 
of their former cover of sedimentaries whose north-south corruga- 
tions are believed to have imparted to the streams (heir merid- 
ional courses. ‘ The north-south alignment of mountains 
continues west to the limit of (he province, the chief valleys being 
those of the Columbia, Sanpoil and Okanogan. 

^ Parpee, J. T., Ooology and Mineral llcsourece of (ht Colville Indian 
R«ervalion, Waahinifton, V. H. Gcol. Kurvoy, BuR. S77, p. 43, lOIS. Thia 
paper ia one of ihc chief aourcee of information on the area here described. 
Other papers dealing with aniallcr areas are: 

UiiPLEsr, J. B., Geol. and Ore Deposits of (he Republic Mining District, 
Wash. Geol, Survey, Btttt. 1, 1910; Geol. and Ore Depoaita of the Myers 
Creek Mining Diatrict, Wash. Gecl. Survey, BnH. 5, 1911; Geol, and Ore 
r^poflita of tho Oroville-Nighthawk Mioing Dtalrirt, Waah. Geol. .Survey, 
Buil. S. 1911; aee also Dalt. R. A.. Can. Gcol. Survey. Mtm. 38. 
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All these mountains are relatively low and of gentler slopes 
than those farther east. Few ridges rise above 6,000 ft. and the 
areas above 5,000 ft. are not large. The Cordilleran ice sheet 
was almost unbroken until it approached the Columbia River on 



FIQ. Si.— Extent <jS «l»cUlioa we«t of long. U2*. Symbola Jc mod W mdj- 
cete lowen Mid W'iaconsin drift border*. MounUin ^Msiation undiflercntjeted. 
iCouritty ^ Amer. M Not. HiMory,} 


the south. Moraines and lakes are prominent, though naturally 
in 80 mountainous a country the thickness of the drift vanes 
greatly. Valleys are terraced with the remains of valley traiM 
and lake deposits. Only in the irregular driftless margin on the 
south are soils derived from the underl)dng rocks. 



NORTHERN ROCKY MOUNTAIN FROVINCB 


213 


Thsre is here the seme appearance of a summit peneplain as 
noted elsewhere but subsequent erosion has result^ in gentler 
slopes, probably because of lower stream gradients. Whatever 
the age of the peneplain elsewhere, Pardee found no surface in 
this area older than middle Tertiary. ‘ Tertiary basins are 
found here both older and younger than the peneplain. 

The mountain tops are generally forested but the valleys are 
grassed, being generally too dry for trees, Soils are ferUlo, 
and wheat and other held and garden products grow in the 
valleys. On the west side, even the lower uplands and mountains 
are sometimes cultivated, the rainfall there being sufficient for dry 
farming, Several mining districts produce the precious metals. 

Near the Okanogan River and especially west of it the moun- 
tains or hills are distinctly lower although still of the same 
character, except for a valley flat several miles wide which declines 
to levels below 1,000 ft. Ten miles west of this river the Cascade 
Mountains rise abruptly to summit levels of about 8,000 ft. 

HOUKTAINS OF SOOTHERIt MONTANA 

The mountains of Montana south of lat. 47^ are divided into 
relatively small masses, mainly by the Tertiary basins to be 
described more fully later. The rocks lack the uniformity 
observed farther noKh and west, being of all ages from pro- 
(;ambrian to Tertiary. In practically all of these ranges ur 
mountain masses accordance of summit levels is prominent, 
although some carry peaks or ridges that were never reduced.* 


Mountains between Bitterroot and Deer Lodge Valleys 

A large area south of Clark Fork and west of Anaconda has 
been studied chiefly because of the Philipsburg mining district 
near its center,* Between the parallel Bitterroot and Deer 

• Parors, J. T., Im. eit., p. 43. Hia atstemcnl ia made with referenf^ 
to the eouthem half only and ia not meant to imply dUbclicf in the Eocene 
agn of the peneplain claewhen*. Imj^eby, working in the Republic district 
a few milea fartl.cr north, aaaumes the peneplain to be Eocene: Wash 
(Jooi. Hurvey, BuU. 1, p. 12. 

> Atwooo, W. W., in hb paper on Phyaiographic Conditiona and Copper 
pnchmenl, Eton. Otol., vol. XI, pp. 697-740, 1916. deacribea topographic 
fc^Rturw and givea hb intorpreUtbn of the phyaiocraphir hiatory of (bis 
piirt of Montana; alao many pictorial itluatrationa. 

* Emmonk, W. H.. and Calrina, F. C., Geology and Ore Deposits of il.i 
PUihpahurg Quadmngle, MonUna, U. 8. Gaol. Hurvey, Prof, Pap. 78, 1013. 
Ihia paper a the chief aoureeof information on thb district 
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Lodge Valleys is that of Flint Creek. On the rocks of the Belt 
series west of this valley are the Sapphire Mountains which have 
the familiar dissected*plateau character with a summit level 
below 8,000 ft., few points rising above 8,500 ft. On the granite 
batholith and metamorphosed paleozoics east of the valley is 
the Flint Creek Range in which the level of accordant summits 
appears but locally, much of the crest rising above that level 
and showing the features of alpine glaciation. Transversely 
across the south end lies the Anaconda Range, the Continental 
Divide, with the city of Anaconda at its northeast end. Its 
rocks arc granite and Algonkian sediments. Almost the entire 
crest is ruggedly alpine with many peaks above 10,000 ft., hence 
far above the horizon of the peneplain in neighboring mountains. 

Mountains in the Bend op Bio Hole RrvER 
South of the Anaconda Range is a roughly circular mass of 
mountains 30 to 40 miles in diameter within the bend of the Big 
Hole River. These mountains have been little studied and no 
official name is authorized.^ Their rocks are granite and meta- 
morphosed Paleozoics and they rise to altitudes above 9,000 
ft., hence presumably embrace many ridges and peaks that 
were never reduced to the general level. 

The Buttb-Helena District 
The area to be described under this name extends west from 
the upper Missouri to Deer Lodge Valley (upper Clark Fork). It 
extends north to the valley of the Blackfoot (lat. 47®) and comes 
to a point at the south between two Tertiary troughs occupied, 
respectively, by the Jefferson and Big Hole Rivers. In largo 
part this is the area of the Boulder batholith (commonly called 
the Butte granite, technically quart* monzonite) but there are 
also eruptives and some metamorphic sediments. 

The Continental Divide traverses almost the entire length of 
this district, turning back to the northwest from ite southern 
end, yet there is no linear range. The divide west of Helena is on 
the "deeply dissected plateau country" which is here a "broad, 
grassy, soil-covered axis" less than 7,000 ft. high.* North ond 
east of Butte it is "a mountainous area having no coramandmg 
‘ The name “Big Hole" i« applied to the divide connecting the« moun- 
Uins with the Beaverhead Mountama on the Idaho- Montana boundary. 

1 Barbbll. Jobbfh, Geology of the Marysville Mining District, Montana, 
V. S. Geol. Survey, Prof. Pap. 57, p. 3, 1907 
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summits,”' but with a general level 7,000 to 8,000 ft. high. 
Here on the east slope of the CV)ntj Dental Divide is an old surface 
of deeply decayed granite remarkably free from rugged peaks, but 
the 1,000-ft. descent to the west into the valley of the Silver Bow 
Creek (city of Butte) is so steep that the railroad accomplishes It 
only by skirting the face of the escarpment for eight or nine miles. 
This scarp indicates a fault, one of the many in Montana which 
have been concerned in the making of the Tertiary valleys. 
Here there is reason to believe that faulting is still in progress.* 
Here and there are exceptions to the general prevalence of 
flat summits or accordant ridge crests. The most conspicuous 
is found in the Highland Mountains, a small group 15 miles south 
of Butte. Here are alpine peaks rising to 10,000 ft, 

The area here described is one of the greatest mining regions 
of tlie world. Butte has been the world's greatest copper camp. 
Helena and other centers have been prominent in the precious 
metals. 


The east-west strip north of Clark Fork and south of the 
Blackfoot River, extending west to their iunction, has in its 
eastern part, on Cretaceous rocks, a somewhat uniform summit 
level between 6,000 and 7,000 ft. high. West of the 1 13th merid- 
ian the upturned edges of Paleosoic limestones and quartritea give 
the mountains a more linear form and greater ruggedness. This 
is the Garnet Range. 


The Three Forks District* 

South of the Butte district snd west of the Yellowstone River 
ore the basins of three north-flowing streams that unite near Three 
I'orks to form the Missouri. The intervening divides are known 
respectively, as the Osllalin. Madison, and Jeffeison Ranges, each 
range bearing the name of the stream on its west side.* 

"“f Bufe. Montona, an<] Vicinity Jour 
VII, p 7OT, 1899; Butte iSpecial, U. 8. Cieo!. Survey, folio M 

M. R., Guiilchook of the Weetem fniled Slates, U S Gcol 

• ^ >fi. P- 587, 1005. 

CeoL^S 
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Almost anywhere in these mountains a dominating level of 
summits may be observed, although it varies in altitude from 
place to place ranging from 7,000 to 10,000 ft. Higher masses 
(generally residual) also rise above it. The valleys, except the 
Tertiary basins, are generally canyons but in the southern part 
of the Madison Range these young valleys, carved since the last 
uplift, have not wholly destroyed the older, smoother, soil- 
covered surface with moderate slopes and small relief,* The 
surface of the Gallatin Range is exceptional, being largely of 
volcanic breccia. Whether its accordant crests are construc- 
tional or erosional is not determined. 

The broad lowlands of this district are in Tertiary basins 
partly filled and then terraced during and since the glacial period, 
The present level of the rivers at their confluence is a little above 
4,000 ft. Terraces at places rise as much as 1,000 ft, above the 
itrcams. 

The structure of this region is very complex and the streams 
while trying to conform to some of its features, have had to defy 
others. The manner in which they have come to flow in their 
present courses has not been worked out in detail. Some of the 
major folding (presumably of theLaramlde epoch) is along nearly 
north-south axes. In this it agrees with the main lines of Lara- 
mide deformation farther north. These lines arc cut across by 
a great belt of Archcan gneiss resembling the cores of many 
of the principal ranges oroduced in the Laramide eooch. This 
gtieissic belt trends west-northwest, being apparently an extension 
of the Beartooth Range north of Yellowstone Park. Its direction 
is in harmony with that of all mountain structures to the east 
and southeast. This area, located at the intersection of north- 
south axes with nearly easUwest axes, was therefore deformed 
in both directions, perhaps at the same time. 

The up|>er portions of both the Gallatin and MadisOn Rivers, 
south of the transverse gneissic axis, follow anticlinal valleys. 
Such courses are assumed only after long-continued erosion and 
best of all on upraised peneplains. Both streams may have 
followed the slope of the penejrfain, tilted toward what is now the 
Three Forks Basin, a center of depression in late Tertiary time. 
In case of the Madison, at least, the warping of the peneplain 
and aggradation of the Tertiary basin may have caused the crys- 

• MANSFiebn, Gbo. R, ITnusual Type of Utoral Hanging Valley, Ceog. 
Soc. Phila. Huff-, vol. IX, 1911. 
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Uilinc barrier to be buried by sediments on which the river itiigl^t 
be superimposed. 

The Madison and Gallatin Mountains arc in no proper sense 
linear ranges. Together they occupy an area that is almost 
square. The Archean axis lies across both ranges with no depres- 
sion between them except the canyon of the Gallatin River. 
The Jefferson Range is separated by a sag in the gneissic axis 
and is distinctly linear, the trend of its long southward extension 
being perhaps controlled by the strike in the region of folded and 
metamorphosed paleozoic rocks. 

The extensive anticlinal valley, 60 miles long and 5 to 10 miles 
wide, followed by the Madison River south of the crystalline 
belt, is deeply filled with Tertiary sediments, These are already 
much wasted by terracing but erosion (s limited in rate by the 
necessity of cutting down the strong Archean barrier whicli 
determines the local base level. Meantime the stream meanden* 
broadly, building sand bars and islands out of the excess load 
received from the easily wasted sediments. Among these islands 
the river flows in many channels, a typically braided stream. 

This basin and others branching out from the junction at 
Three Forks afford perhaps the laigest area of rich agricultural 
land in Montana. The terraces are valuable for grazing. Alder 
Gulch in the Jefferson Range was once a thriving gold camp, 
giving rise to Virginia City, the capital of Montana until 1874. 
Before that time the district had yielded about $60,000,000, 
and it continues to produce in a small way. 


MOUNTAINS EAST OP TBE HISSOUHI RIVER' 

In central Montana the Rocky Mountain front makes a wide 
detour to the east to surround the Belt and Little Belt Ranges. 
These, with the Castle Mountains, form a acmi-detachod mountain 


' Tho following arc the chkf aourc«s of information on this arc-a* 

WtKO, W, H., Ckology of the Little Belt Mountaiiw, Montana U S 
CjcoI. Kurvoy, 20tA /Inn. Kept., pi. III, |8M. 

Fort lirnton folio 66, V. 8 . Gaol. Survey. 

Little Belt folio 66, U. S. Gcol. Survey. 

Wkb, W H.. and PinwoK, L. V., Geology of tbe Cm.Ic Mining Dietriel, 
Montana, U. 8, Geol. Survey, BtM. 139 , 1896. 

Paboek J T Geology ind W.ler Ro^njrec. of TownMnd Vallo,-, 
Montana, U. 8, Geol. Survey, Wat. Sup. Pap. $39, 1925. 

A f>ont 'in MonUma, Gcol. Soc, 

Amcr. Bail., vol. 40, pp. 427-456, 1929. 



218 PHYSIOGRAPHY OF WBSTBKN VNITBD STATES 


irea nearly 100 miles in diameter cut off from the main mass to 
the west by the valley of the Missouri River, a wide Tertiary 
trough at the south, but only a canyon in hard rock at the north. 

The whole is an uplifted area exposing ancient (Algonkian 
and Cambrian) rocks in the center and bordered on the north, 
east, and south by upturned Paleosoic and Mesosoic beds which 
descend beneath the Great Plains. Looked at more closely 
the structure shows two broad anticlines or elongated domes, 
the Belt and the Little Belt, with northwest-southeast trend, 
separated by Smith’s River flowing northwest, as does the Mis- 
souri, first through a Tertiary basin and then through a gorge 
in the hard rocks. Both uplifts are flat arches, the beds in the 
Little Belt being almost horisontat on top and dipping 8 to 10 
deg. on the flanks. Steeper local dips are due to laccoliths and 
other intrusions. A poorly defined structural axis, whose position 
is fairly well indicated by the main divide, has a northwest-south- 
east direction but curves eastward toward the Big Snowy group 
(p. 61) being quite out of line with the Rocky Mountain Front.' 

Both ranges show a widespread dominance of accordant 
crests from 7,000 to 8,000 ft. high. Isolated peaks or rounded 
knobs may rise 1,000 ft. above the general level. Most of these 
are residual but in the Little Belt some are unroofed laccoliths. 
Sharp valleys cut deep below the nearly level honron but do not 
completely dissect the old surface. 

The upturned rocks ou the margin make monoclinal foothills. 
Being of unlike resistance the strong hogback-making formations 
are crossed by streams in narrow gorges, while broad strike valleys 
follow the outcrops of weaker beds. In crossing the wide belt 
of Carboniferous limestone it is common for streams to disappear 
or to become interrupted, reappearing later as giant springs 
where less soluble rocks are reached. 

Castle Mountain, south of the Little Belt, is a small independ- 
ent uplift but in large part a volcano. Its nearly level forested 
crests rise to 8,400 ft. and are surmounted by an unreduced 
remnart of the old volcano, the “Castle,” which was a center of 
alpine glaciation. 

The valley of the Missouri River west of the Big Belt has a 
terraced floor of Tertiary and Quaternary sediments 5 to 10 
miles wide extendii^ almost continuously from Three Forks to 
north of Helena, a distance of 60 miles. The Tertiary sediment 

> Bbvak, Arthur, Uk. cil., p. 450. 
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\s at least 1,200 ft. deep.' The down-folding or faulting that 
made this trough accounts for the western front of the Belt 
Mountains. 

The central alluvial surface is but little below 4,000 ft. Fur- 
ther down-cutting waits on the deepening of the gorge down- 
stream. Meantime the stream flows through braided channels 
and meanders over a broadening fertile flood plain. 


tertuhy BAsms 

General Relations. — Depressions commonly called “Tertiary 
Lake Beds” exist throughout the northern Rocky Mountains.* 
In the area now to be considered they have peculiar importance, 
generally outlining the mountain units. They contain most 
of the population and in many cases control the drainage. 

Located among mountains with an average height of perhaps 
6,500 to 7,500 ft., the floors of these valleys are generally from 
3,000 to 5,000 ft. high. In width they range from several miles 
up to 10 or 15 miles. Some continuous depressions are nearly 
100 miles long but more or less subdivided by transverse swells. 
The lower parts of all contain Tertiary sediments, freciucntly 
Oligocene at the bottom. Miocene is generally represented, 
with perhaps a coating of Pliocene. Pleistocene stream gravels 
are widespread. The filling Is frequently deep, being 3,000 ft. 
in at least one place.* 

In general these beds are either horizontal or dip but slightly; 
at places they are moderately folded or faulted. An unknown 
amount of their mass has been eroded away to form their present 
surface. This surf?-* is a series of gently sloping terraces with 
eroded edges, leading down to generally broad bottom lands along 
the axial streams. 


* Cakpbbll, M. R., U. 8. Oeol. Survey, Guidebook, BuU fll d 120 
monlione a well of that depth near Helena. ' 

' The location, of moat of (hoM baaina are rou*hlv ahown on the aeoloirie 

n.ap of North America, im A later and prcum.bly more aeeura.o 

akctch for Montana only u given in Campbell'. Guidebook of the Northern 

Pacific Umitc, U. 8. Gaol. Survey, BuU. 6U, 1816, facing p. 134. A still 

later sketch given by Pardee in U, 8. Geol. Survey, W«i. Sup. 538. 

“ f '*• 82. This last outlines the main depression^ 

Isr^ ^ ^ Tertiary) with or without sediments. Pardee also give, a 

U H r ‘a*"** "“t of Butte in 

U. 8 Gcol. Survey, flail 681, pi. XIV, opposite p. 244. 

1*ARDSE. J. T., U. S. Cool. Survey, BuR, 631. 
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Fio. 62.— Ind«c mftp thowiac loc«t»oa of Torlitry bosiof in MonUna end 
Idftbo. {Pardtt, U. S. Gtol. Wat, Sup. Pap. 539.) 

1. Rftthoad VftUoy: 2. Ki>li»p^ VnUoy: 3. Little BitUnoot Volley; 4. 
Miuion Valley: B, MImouU Valley; 6. Black/ooi Valley: 7. Bitterroot Valley: 
8. Flint Creek Valley; 9. Deer Lodge Valley: 10. Avon VaUey: II. Prickly 
Pear Valley; 12. Townaend Valley; 13. South River Valley; 14. GaUatln Valley; 
1.5. Madiaon Valley: 10. Jeffereon Valley; 17. Beaverhead VaUey: 18. Silver 
Bow Valley: 19. Big Hole Valley; 20. Lenhi Valley: 21. Pahrimerol Valley: 
22. Centennial Valley. 
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Around dome of these basins the upland summits seems to indi- 
cate a former peneplain bent down and passing beneath the 
sediments inadlsh-likeform.^ Others are as plainly faulted down, 
while still others might have been produced wholly by erosion. 
Except for post-glacial faulting on the east side, the upper Madi- 
son Valley northwest of Yellowstone Park appears to be of this 
kind. Some of the basins are crossed by ridges of the under- 
lying hard rocks through which the main streams now flow in 
narrow gorges, due probably to superimposing when the Tertiary 
Ailing was deeper, possibly in some cases to antecedence. All 
these basins have, no doubt, been deepened from time to time 
by repealed crustal movements which raised the mountains 
more than the valleys. 

The earlier history of these basins involves the controversy 
mentioned on page 193 regarding the relative age of peneplain 
and basins. With respect to later history the facts arc more 
plain. At a time not far from the close of the Tertiary and the 
beginning of the Quaternary, many of the basin floors (perhaps 
all) were local peneplains whose levels endured long enough 
to enable some side streams to reduce their floors to the same 
temporary base level.* Rejuvenation of streams foilowed, cither 
by reason of crustal warping or by change of drainage to a more 
advantageous direction, and the valley floors wore terraced. 

The number of terraces in at least half of the valleys is three, 
and these may perhaps be correlated. The highesi, in places! 


‘Pardee, J. T., Cftjloay and Ground- water R«ourf^a of Townsend 
Valley, Montana. V. 8. Survey, Wat, Sup. Pap. 530, p 38 1026* 
aUo ritationi* by Oco. H. Manaficifl, Tcrliary Planaijoci in Idaho’ 
Jour, Otol., vol, XXXII, p. 47S, 1924. ’ 

.n7r'o’‘nT’ R ’’ 'i!"' •**' W- w., H»-.iogr,pI,ic Condition, 

»nd Copper Ennehmont, Econ. Gwl, vol, XI, p. 712, 1916, intorproto tho 

phyi..oitraph.c hiitorjr of aouthwclom Montana in four ryclea of^or^ion 

Mutr^Tih T' k' n- Id«ho aa draining 

Muth into the 8nak« River until dammed by the Snake River lava. On 

this auppoadion the Continental Divide at that time lav far to the ean 

Or^t Pall “-r" have a-orked headward frlm nelr 

OrMt Pall, and to have lapped the baain near Helena, He find, that thia 

““ dnini«e of moat of ll.e baaing Thia 
roneeptmn of a former aouthward drainage aemaa the Centennial Ranee to 
the Snake River la not in aeeord with the fiiidiiiga of V D KirkhamVlm 
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carries glacial drift, now largely wasted away, of an early Pieisto-* 
ceae glaciation. The second terrace (at least along the Missouri) 
was made and dissected at an interglacial stage. The third is in 
part floored with out wash gravel from glaciers of the Wisconsin 
stage of glaciation.^ 

Description of Individual Basins. — Among these Tertiary 
basins the following are prominent. Lemhi and Pahsimeroi 
Valleys in Idaho lie respectively west of the Beaverhead and 
Lemhi Ranges, trending south^southeast. Both are crossed by 
the axis of greatest uplift of the Idaho peneplain. The divides 
between north-flowing and south-flowing streams appear to 
be determined by that uplift whose axis is in line with the Cen- 
tennial Range to the east. 

Bitterroot Valley, miles long and 9 miles wide, separates 
the Bitterroot from the Sapphire Mountains. The Bitterroot 
River with its flood plain two to three miles wide between 
Pleistocene terraces falls from an altitude of 3,900 ft. at its south 
end to 3,150 ft. at the north. There the valley is constricted 
and for a few miles the sediments are absent because the hard 
rocks rise above their level. The valley broadens again along 
Clark Fork with a northwest trend. Curiously enough the 
river leaves this trough for a more southerly course at the north- 
east foot of the Clearwater Mountains. 

During the advance of the Cordilleran ice sheet the valley 
of the Clark Fork was crossed and obstructed by the ice near 
the Montana-Idaho boundary. The resulting flood in its own 
valley and those of its tributaries is known as Lake Missoula.* 
The water was 1,000 ft. deep over the present site of Missoula 
from which place the lake spread star-like, occupying all connect- 
ing valleys south of the ice front and below a level of 4,200 ft. 
A prompt discharge of this impounded water by the breaking of 
the ice dam is sometimes appealed to as a possible source of 
the great volume of water necessary to cause the scablands of 
eastern Washington (page 258),* 

The wide Flathead depression north of the Clark Fork and 
west of the Mission Range is obviously of structural origin. Its 

^ PARM 5 B, J. T., U. S. Geol- Surwy. Wat. Sup. Pap. 639, ?. 43, 

> Pabdbe, J. T., The Glacial Uke Missoula, Jour. GfioL, vol- XV 11.. 

pp. 376-386, 1910. ^ ^ 

• Habpikq, H. T., Possible Supply of Water for the Creation of 
Channeled Scablands, Semx, vol. 69, pp. 188-190. 1929; Brsts, J. H., 
Geol. Soc. Amer., 42d ann. meeting, abstract, 1929. 
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level is low (Flathead Lake 2,SS5 ft.) but any Tertiary sedimenls 
that may be present are concealed beneath the moraines of the 
Cordilleran ice sheet and the sUt deposited in glacial Lake 
MissoulaJ A lobe of the Cordilleran Ice sheet passed down this 
valley truncating the spurs of (he Mission Ranged and building a 
great recessional moraine which now holds back the waters of 
Flathead Lake. Northwest of (he lake the structural depression 
continues as the Rocky Mountain Trench and is not known to 
contain Tertiary sediments. The upper valley of the North 
Fork of the Flathead farther east is an independent depression, 
floored with Tertiary beds, from which the river escapes by a 
narrow transverse valley (o (he larger depression on (he west. 

Deer Lodge Valley is a north-south Tertiary trough west of 
Butte followed by the headwaters of (he Clark Fork. Forty 
miles north of Butte the (rough turns to (he northwest, followed 
by the river. South of Butte the depression extends nearly if 
not quite to the Beaverhoad-Jeffersoo trough. It is very narrow 
here hut still floored with Tertiary beds. Branching off to the 
east and extending to and beyond Butte is the valley of the Silver- 
bow, a part of the same depression. Parallel with the northern end 
of the main depression and only 16 to 20 miles away is the north- 
west-southeast Avon Basin at the northeast foot of the Garnet 
Range. It is believed (hat a large fault with downthrow 
toward the valley separates this basin from the mountains to 
the northeast.^ 

The Missouri River from its origin at Three Forks to a point 
east of Helena follows approximately the course of a similnr 
depression, the Townsend Valley,^ which connects through a 
narrows with the similar Prickly Pear Valley east of Helena. 
Tertiary beds cover a width of 8 to 10 miles and are at least 1,200 
ft. deep. The river seems to have been superimposed at both 
ends of (his basin, coming in from the south across a spur of (ho 
Big Belt Mountains and escaping at the north by a gorge through 
the barrier that connects (he Big Belt and Lewis Ranges. The:' ' 

• A rerenl well soulh of Poteon. drillea for oil, appemv to ponelnuc 500 
ft. or more of Tertiary Bodimenle beneath 600 or 600 ft. of drift, perhapjs 
faulted down between rocks of the Belt eorie* (Note by W. C. Alden). 

> Davis, \V. M., Assoc. Amer. Ceogr., vol. X, p. 94, 1020. 

* PARoer. J. T-, U. S. Geol. Survey, Bull. 531, p. 231. 

•This basin hss been more studied than any of the otheia. The work 
of J. T. Pardee. V. 8. Oeol. Survey, Wat. Sup. Pap. 639. !926, has alieadv 
been rcfern?d to. 
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valleys are apparently due mainly to down^warping' though 
faulting on the east side played a part, A major earthquake 
in 1925 had its epicenter just south of this valley, probably on 
the prolongation of the same fault,* This valley has the above 
mentioned three terraces typically developed and a fertile flood 
plain three to six miles wide on which the stream meanders 
broadly, pending the deepening of the gorge by which it leaves, 

At its south end this depression joins the great down-warped 
areas south of Three Forks and west of Bozeman. An area full 
40 miles in length from east to west, and of irregular width almost 
as great, constitutes the lower basins of the Jeflerson, Madison, 
and Gallatin Rivers. Its long, terraced slopes, adapted to grazing, 
rise to an altitude of 5,500 ft. Most of the alluvium is between 
4,000 and 5,000 ft. high. It is broadest (6 to 8 miles) along the 
Gallatin River. Here Bozeman is the metropolis of one of the 
leading agricultural districts of the Rocky Mountains. 

An axis of crystalline rocks separates the Three Forks Basin 
from the north-south basin followed by the Madison River in 
its upper course. This depression, 8 to 10 miles wide and 40 
miles long, may be due mainly to erosion. Its substructure is 
anticlinal. The post-glacial faulting observed on the east side 
is not known to be connected with deformation old enough and 
great enough to account for the basin. 

Above a barrier west of Three Forks, the Jefferson River 
with its headwaters the Beaverhead traverses a Tertiary basin 
lOO miles in length, expanding into the wide, terraced plain of 
which Dillon is the center. This is more or less connected with 
the Big Hole Basir at the northeast foot of the Beaverhead 
Mountains. 

East of the Missouri River the basin of the Smith River sepa- 
rates the Big Belt Range from the Little Beit. Also the Yellow* 
stone River, flowing north from the National Park, is believed 
to follow a valley of the same origin. 

' Pardee, J. T., V. S. Ceol Survey, Woi, Sup. Pap. 639, describet clearly 
a down-warped surface which he interpreta w a pre-Oligocenc peaeplain 
but does aot apecifically say that it ertenda beyond the borders of the bwin. 

’ Pabdbe, J, T., MonUna Earthquake of June 27, 1926, V. 8. Geol. 
Survey, Prof. Pap. 147, pp. 7-23, 1926. 
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THE COLUMBIA PLATEAU 
THE PROVINCE AS A WHOLE 
Characteristics and Boundaries 

The Columbia Plateau embraces about 100,000 square miles 
in Washington, Oregon, and Idaho. It is, in the main, built 
up of nearly horisontal sheets of lava, the surface of which is 
flat or rolling, but there are many variations from this simple 
character. The province is hounded on (he west by the Cascade 
Mountains and on the north and east by the Rocky Mountain 
province. On these three sides the surface abuts against highei 
land and the boundaries of the province are evident. On the 
south it is bordered by the Great Basin which has much in 
common with this province. The southern boundary as here 
drawn leaves the characteristic “basin ranges*’ (page 330) to tho 
south. On the south side of this ralhcr arbitrary boundary are 
most of the detritusnsovered desert plains, while on the north 
side volcanic rocks underlie the thin soils. The location of a 
line drawn by any of these criteria is necessarily inexact. 


Underlying Rocks 

Igneous Rocks.— Tho rocks of this region are mainly lavu 
flows, Basalt is much more abundant than acid lavas, espe- 
cially in the better populated and more traveled parU of the 
province, but acid lavas (lighter colored, sometimes red or 
purple) underlie the margins of the Snake River Plain and parts 
of eastern Oregon. The basalt occurs in flows (extrusive sheets) 
from 10 ft. to more than 200 ft. thick. In the deeper canyons 
as many as 12 to 20 such sheets have been counted in a single 
exposure. These sheets have the common features of present- 
day lava flows, sconaceouB upper surfaces, evidences of quick 
•^oolmg at the lower contact and of slower cooling in the interior, 
where they are often jointed in beautiful hexagonal columna 

22 .'^ 
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All are black or nearly so. In some instances soil formed and 
trees grew on the surface of a flow before being buried by the 
next flow.* Inlerbedded with the basalts are local beds of vol- 
canic diist and lapilli. 

At places the great canyon of the Snake on the western bound- 
ary of Idaho cuts through more than 4,000 ft. of ba.^ilt flows. 
To this thickness may be added another 1,000 ft, known to have 
been eroded from the plateau which the canyon trenches; at 



T'kk of the Otsn^J t'oiilre, Woehinfton: heijcht MX) ft. At leuat 

JC •••jxiruto lavu fivwe e«u be dietinguiihcd in tUia view. {Phoio h>j If. it , 


Other points in the great canyon, the lower part of the wall 
consists of granite and schist. 

Lake and Stream Deposits. — More abundant than the frag- 
mental volcanic rocks but still vastly inferior in amount to the 
i)asalts arc sand, gravel, and clay. Some of these deposits 
reprtwcht alluvial funs from the wash of adjacent mountains or 
other Hi ream-laid sediment. Others arc deposits in lakes. 

C. Ituswll Kivc« excellent descriptions of the many features of this 
ruck which indieste the circunwlanees of its neeumulation. — V. 8. Gcol. 
H«Tve>\ U'fli. Sup. Pep. 4, pp. 43-45, JK07; sec alw t'. S. <5eol. Surt'cj', Bull. 
MHi. p|>. *») d5. tl)02. 
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1 1 is to be remembered that the lava flows came at intervals, 
sometimes of hundreds, possibly even thousands, of years judg- 
ing from the thickness of soils formed in the meantime. More- 
over, no one flow covered the whole area. As accumulation 
shifted, streams and stream deposition also shifted. In certain 
areas lakes persisted for long periods, their boundaries changing 
from time to time as new flows occurred. In these lakes, thick 
deposits were made of sand, gravel, silt, and clay, interbedded 
with sheets of basalt. 

In eastern Washington and western Idaho there is a large 
district, 175 miles long and 75 miles wide, in which such inter- 
bedded sediments are abundant. This is due to the fact that 
lava flows coming from the west obstructed and ponded the 
normal drainage from the mountains on the east.^ 

A large area in southwestern Idaho and eastern Oregon was 
occupied by one or more lakes or was receiving continental 
deposits for several geological periods.’ Into these depressions 
lavas were occasionally poured, but the total thickness of lake 
sediments is large in proportion to that of intercalated lava. 
The geologic map shows a large area in which the lake beds appear 
at the surface. This represents only approximately the extent 
of the lake, for it is to be remembered that it changed its outline 
repeatedly during the period of volcanic flows. In a very genera! 
way it may be said that the proportion of lake sediments to lava 
is greatest near the center of this area and less near the edges. 
In two other basins thick sediments accumulated upon the lavas. 
These are the basins of the John Day River in northern Oregon 
and the Columbia River in southern Washington.’ 

All the sediments here described, together with the beds of 
lapilli and volcanic dust, are of interest and importance because 
of their relations to artesian water in a country where water is 
so scarce as to constitute the limiting factor which determines 
development and population. 

* RussBLL, I. C., U. 8- Geol. Survey, Wat Sup. Pap. 4, p. 55; Pardeb, 

J. T. and Bryak, K.: Geology of the Latah Formation, U. S- Geol. Survey, 
Prof. Pap. 140 A, ldZ6; Kibkrau, V. R. D., and Jomksok, M. M., TIic 
X 4.tah Formation in Idaho, Jour- GtcLf voL XJ^VII, pp- 483-504, 1929. 

W., Boise folio 45, U. S. Geol. Survey; Bcwalda, 
JoHK P., Gas and Oil Possibilities of South wesfen* and South Central Idaho, 
Idaho Bur. Mines and Geol., PamphUl 5, 1923. 

* SuiTH, Geo. O., Ellensburg folio 85, IJ- S. Geol. Survey. 
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Physiographic History 

Tlie Surface Beneath the Lava. — The physiographic history of 
this province begins with the ancient surface before the Javas 
were erupted. This is known to have been locally rough, even 
mountainous, partly by the fact that some of the old peaks rose 
above the lava hood which was at least several thousand feet 
deep. Such peaks are for the most part outliers of the Hocky 
Mountains of Idaho and are therefore most numerous in eastern 
Oregon and Washington. There are no similar outliers on the 
side toward the Cascades because that range, instead of being 
older than the lava flows and only partly submerged, was a part 
of the flooded region, being raised into mountains later (page 
417). 

Other evidence of the rough character of the now buried surface 
in the district referred to, is found in the great canyon of the 
Snake River which cuts through the basalt and deep into the 
granite below. Here the upper surface of these older rocks is 
very irregular. At places the granite rises in the canyon walls 
2,000 to 2,500 ft. above the river, though still covered by 1,000 to 
2,000 ft. of basalt. At intervening points it sinks below the river 
level, showing that the basalt flows at this place inundated a 
mountainous country, converting it into a plateau.* Some of 
the old mountains were high enough to stand out as islands in the 
basaltic sea. Some of the buried mountains have very steep 
slopes. This locality is between the mountains of Idaho and 
their outliers, the Blue Mountains of Oregon. Its relief was 
therefore no doubt much greater than that of localities farther 
from the mountains. In the Sumpter quadrangle, Oregon, in 
the Blue Mountain section, it is known that the pre^lava surface 
was practically a plain.”* 

Manner of Eniptioo.— The great outpourings of lava which 
inundated this rough surface (in the Miocene, Tertiary) have 
frequently been spoken of as Assure eruptions. It is assumed 
that lava would issue from open fissures in vastly greater quan- 
tities than from craters and, partly on this account, would retain 
ite heat and fluidity longer, so that it would come to rest on a 

‘LiHSOftKN, W,, Gold sod Silver Veins of Silver City, De la Mar and 
Other Mining DiatricU in Idaho, U. «, Oeol. Survey, 2CKA Ann. HfM 
pt. Ill, p. 78, 1890. ' ' 

» Pardeb, J. T., and Hewett, D. P., Mineral Ilcaourcce of Oregon vol I 
no. C, p. 24, 1914. ’ ' 
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very extensive area with an almost horizontaJ surface. Among 
the reasons for ascribing the lavas of this province to fissure 
eruptions are: (1) their vast extent and nearly horizontal surface, 
except as deformed later, and (2) the general absence of the kind 
of fragmental products which generally result from crater erup- 
tions.' It should, however, be remembered that over large 
areas in the Snake River Plain local centers of eruption are found 
in sufficient numbers to make the hypothesis of fissure eruptions 



Pto. SS.— LftVft cone. Snake River Plaine near Areo. Idaho. Tho ver>' senily 
slop ins U of bnaall. and represenls one of the sources of the lava in tho 
surroiindins plain, with which its dopes merge. Fragments of fresh basalt may 
ho seen between the sage bushes in the foreground. Contrast Fig. 87. (!*'. S. 
Oroi. .Surrey.) 


unnecessary. It should be expected that in case of fissure erup- 
tions, the lower and older beds would be crossed by dikes repre- 
senting the passage through which later lavas reached the surface. 
Such dikes are found in abundance in certain localities,^ but they 
are not numerous in the walls of the great canyons. No doubt 
such fissure eruptions were important in the province as a whole 
although not in the Snake River Plain. No doubt also, the dis- 

^ LiNDORErr, W., loc. dL, p. 04. 

•Lindgreh, W., The Gold Belt of the Blue MounUias, 22d Ann. Rspt., 
U. S. Geol. Survey, pt. 11. p. 597. Similar occurrencea in the Caacadc 
Mountains are mentioned by Russell, WaL Sup. Pnp. 53, p. SO, and G. 0. 
Smith, V. S. Geol. Survey, folio 86, p. 2. 
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charge from fissures graded into more and more localized erup- 
tions producing in some cases lava and cinder cones.' Eruptions 
of lava may occur quietly throughout a great distance or be more 
or less localized. When sufficiently localized, craters and cones 
make their appearance. On the recent lava plains of the Snake 
River there is abundant evidence that lava has issued from local 
orifices now marked by low mounds of black basalt never more 
than 200 or 300 ft. high, and with slopes so gentle that their 
bases may be 8 to 10 miles in diameter.^ These are analogous 
to the low domes that form on ice where water issues from a 
hole and freezes. Indications of crater eruptions of both solid 
and liquid materials producing cinder cones, lava cones, and 
lava plains, are all found in eastern Idaho, The different types 
of eruption merge into one another, as do also the resulting 
topographic forms. 

The variety of phenomena attending eruption in this province 
was very great and as the time elapsed since the last activity has 
been short, the products of eruption are well preserved. Russell 
found this region a particularly fruitful field for the study of 
the various phenomena attending eruption.' 

It is well known that basaltic lavas are veiy fluid. The vast 
extent of certain nearly horizontal beds in this region also indi- 
crates a higher degree of fluidity. It was believed by Rus,seil that 
at the time when (he Columbia lavas ceased to accumulate, the 
flooded portions of Washington and Oregon may be thought of as 
a monotonous plain.’*^ 

It is to be remembered that the several flows came at intervals, 
some of which were hundreds or even thousands of years, so that 
soils were often formed on one sheet before it was covered by 
the next. A fair picture of the landscape in these intervals 
may be obtained by assuming that the flows have not yet ceased 
on the Snake River Plain, but that the present time is merely an 

« Btrarns, Harold T„ Craters of th« Moon Naeional Monumwit 
Idaho, Oto^r. Rn., vol. H. pp. 363-372, 1024. A rwCTitly <IUcovc*rod tissiirc 
through which eruption has Uken place is described by Steams in this pa pci- 
SCO also Idaho Bur. Mines snd Oeok., PamphlH 14, 1028. 

^rvty, BuU. 199, p. 63, 1902, Lindqren, 
W., U. 8. Geol. Survey, lHhAnn. Rept.^pt III, p. 626; Kirrkah, V. R D 
Idaho Bur. Mines and Geol.. PamphUt 19, 1927; note especiallv pi. I-D 
iincl IV, map. 

• See Summary in U. 8. Geol. Survey, BuU. 217, pp. 37-38; also BuU 199 

• U. 8. Geol 8urve>', W<U. Sup. Pap, 53. o. 80; see also BuU. 199, p. 66- 
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interval between eruptions. The gravel and finer alluvium now 
brought down by the "lost rivers" and accumulating as fans or 
widespread wash near the mountains are the counterpart of many 
of the interbedded sediments between the basalts. Others of 
these beds correspond to the sediments now accumulating in 
ephemeral lakes. Elsewhere were large permanent lakes not 
often invaded by lava flows. 

Crustal Deformation since the Lava Flows. — Most of this 
province in Washington and Oregon is believed to have been 
depressed since the lava flows occurred. This conclusion is 
reached as follows:^ 

The lava is known in at least one place to be 4,000 ft. thick. 
There is nothing at its base to suggest that it was laid down in 
water. All the evidence indicates that It flowed over dry land 
above sca-level. This means that, without allowance for sink- 
ing while the flows continued, the surface of the last sheet must 
have been at least 4,000 ft. high; and if the surface was level, 
as Russell assumes, the whole plateau must have had that height. 
If allowance be made for erosion the altitude must have been 
still greater. Outside of the Blue Mountain section, where 
later rising is indicated, the lava surface east of the Cascades in 
Washington and northern Oregon rarely exceeds 3,000 ft. The 
reasoning outlined above would require that the original level 
should have been at least 1,000 ft. higher. The great area 
surrounding the juaction of the Snake and Columbia and lying 
less than 1,000 ft. above the sea, where the upper surface of the 
basalt is to be found beneath 1,600 ft. of lake sediments* may well 
have sunk more than 4,000 ft. 

Whether or not the argument for this amount of sinking is 
conclusive, it is reasonable to assume that sinking has occurred, 
since the lava cover where its thickness is one-half mile {a fair 
estimate of the average) would exert a downward pressure of 200 


' RuMBLL, I. C., Geology ood Water Raources of Ne* Perce County, 
Idaho, U. S. OeoL Survey, Wol. S^p. Pqp- 63, pp. 52-64, IWI; Lindorew, 
W,, The Gold Bell of the Blue MounUina of Oregon, U. S. Geol- Survey, 
TTd Ann. fUpt., pi. II, p. 658, 1901. 

* Smith, G. 0., Hlensburg folio 86, p. 2, U. S. Geol. Survey. A well 
iuet south of Lewiston, Idaho, penetrated basalt to a depth of more than 
2 000 ft. below sea-level. The report does not state that the base of the 
Iwisalt was reached. In a similar way the l«i8c of the basalt la ^ ^ 

at least 2,700 ft. below sca-lcvel at Attalia near the mouth of the bnako 
R. D. Kirkham, pcraonal communication. 
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tODS on each square foot. It shouJd also be remembered that the 
withdrawal of 50,000 to 60,000 cubic miles of molten rock from 
beneath the surface must necessarily be compensated in some way. 

On the other hand the surface has locally risen both relatively 
and absolutely. Such uplifts of the lava surface in and around 
the Blue Mountains in eastern Oregon reach altitudes of 6,500 
to 7,000 ft. In the main this is a gentle warp with dips not 
exceeding 3 deg., but in the John Day Basin on the western mar- 
gin there was sharper folding, some dips reaching 30 deg, The 
Cascade Mountains, although not a part of this physiographic 
province, represent an uplift of the lava surface. 

In the Yakima district, at the east foot of (he Cascades in 
Washington, there is evidence of two epochs of folding since the 
time of eruption. The older folds seem to have been base- 
leveled before the later uplifting occurred (page 267), This 
evidence of a complex history in (he western margin of the plateais 
is not matched by any similar evidence farther cast where, for 
aught that is known to (he countrary, the present lava surface 
may be almost the original surface of the flows (page 238). 

Establishment of Drainage Lines. — The courses of streams 
in this province must be interpreted in the light of the crustal 
movements mentioned above. The C*olumbia River flows south 
from Canada into noMheastern Washington where it receives the 
Spokane from the east and then (urns sharply northwestward 
and describes a semicircle with a diameter of 160 miles around 
the "Big Bend <'ountry.'’ Turning again to the west on the 
Washington-Oregon boundary, it cleaves the Cascade Range 
from crest to sea-level. In describing the Big Bend the river 
falls from an altitude of 1,000 ft. at (he mouth of the Spokane 
to about 300 ft. at the mouth of the Snake. On the flanks of 
the ('aacade Range the C Columbia traverses the highest part of 
the plateau in Washington, altitudes on both sides of the river 
being more than 3,000 ft. A nearly straight course might be 
chosen from the mouth of the Spokane to that of the Snake 
without encountering any altitudes above 2,300 ft. It is plain 
therefore that the Columbia pays small heed to the general 
slopes of the plateau. No doubt when the Columbia skirted the 
edge of the plateau in the Big Bend it did so as a consequent 
stream, following the lowest available course to the sea. With 
the same option offered now it would follow the chord of the arc 
and save at least 700 ft. of canyon cutting. 



234 PHYSIOOBAPHY OF WESTERN UNITED STATES 


A more striking illustration of the same principle is found 
in the Snake River. From Wyoming it enters the extreme east 
end of this province, where, for many miles, its several branches 
run over the surface of a flat plateau 5,000 ft. above the sea. 
At Idaho Falls the stream drops 30 ft. into a canyon whose 
depth gradually decreases, leaving the stream again on the 
plateau surface. Seventy miles farther down stream at the 
American Falls {long. 113®), the stream drops 50 ft. into a canyon, 
ICxcept for a stretch of 50 miles in the lake beds of western Idaho 
where the land adjacent to the river is dissected, the canyon 
which begins at the American Palls continues almost without 
interruption to the junction with the Columbia. The Snaki 
Is thus exceptional in the great proportion of its course between 
canyon walls. The height of these in southern Idaho varies 
from 50 ft. (at the American Falls) to about 800 ft. The plateau 
level falls from 4,742 ft. at Idaho Falls to 2,125 ft. at Weiser 
(lat. 44®) on the western border of the state. Thus far the Snake 
is plainly a consequent stream, first on the lava cover, then on 
the lake beds. 

From the bend west of Weiser to its mouth (see Fig, 83, map), 
the Snake describes a great semicircle similar to the Big Bend 
of the Columbia and equally unaccountable from the standpoint 
of presenUday slopes and altitudes. In its northerly course it 
traverses a mile-deep canyon where the plateau is nearly 7,000 
ft. high between the Blue Mountains on the west and the 
Northern Rocky Mountain province on the cast. The depth of 
the valley decreases to 2,000 ft. at the Washington boundary 
and to several hundred feet before the junction with the Columbia 
is reached. 

It is evident that the course of the Snake River was antecedent 
to the last uplift of the Blue Mountain district. If the great 
canyon were now filled up, the Snake would have its choice of 
two courses, either of which would be at least 2,000 ft. lower than 
the one now followed. One of these options would take it west 
across central Oregon to the valley of the Deschutes. The other 
has been chosen as the route of the Oregon Short Line. It crosses 
through the center of the Blue Mountains, its highest pass being 
a little more than 4,200 ft. above the sea. This level is known 
to have changed both by dlastrophism and erosion since the 
drainage lines were chosen, but it remains true that at that time 
the northward course on the state border was lower than any 
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westward course.* With reference lo that elevated portion 
of the plateau the river is now antecedent. 

While the great streams of the region are antecedent to some 
of the main structural and topographic features, there are other 
cases in which stream courses axe plainly guided by such features. 
Thus the Snake River, after flowing north on the Washington- 
Idaho boundary to Lewiston, turns squarely to the west, receiving 
the west«flowing Clearwater at the bend. These two streams 
in their westward course flow at the foot of a steep monocline 
(locally a fault), 2,000 ft. high. 

Obviously the Clearwater in its lower course and the Snake 
below their junction arc guided by constructional slopes due to 
crustal movements and are therefore consequent streams. The 
question arises, why the Snake from Weiser to Lewiston was able 
to maintain its course through a rising barrier while the vigoroits 
Clearwater and the combined stream below the junction were 
controlled by structural slopes. Three explanations arc possible : 
a. The monocline on the north may antedate the streams, t.e., 
it may be older than those uplifts which are now traversed by 
antecedent streams; 6. The Snake may at first have continued 
its northerly course and been diverted by the rise of the plateau 
on the north. If so, its old channel and valley have since been 
completely effaced; c. There is a third possibility, namely, that 
the streams were guided westward by some initial inequality 
of level, incident to lava accumulation, and that the monocline 
developed later along the same line.’ 

The Grand Ronde River in northeastern Oregon flows northeast 
but encounters the Blue Hills structural dome in southeastern 
Washington and turns east into the Snake River. Questions 
raised by the course of this river are similar to those just con* 
sidcred. If it be assumed that all structural deformations of 
the lava cover occurred at the same time (an unwarranted 
assumption), it follows that some streams were vigorous enough 

iLiKDoritN, W-, V. H. Ccol. Survey, 22a Ann. Bepl., pt. 11, p. 597. 

' If. K. <JrqI. Survey, Wal, Bup. Pap. 53, p. 7T, uses lanRuaxi- 

which implies diversion from a former northward course but docs not inti- 
mate that any evidence of sucli a former course remains. Something like 
the third explanation given above is implied in his footnote on page 70, 
where he suggeats that a canyon once cut would mark out a line of weakness 
which would determine where maximum deformation would occur in case 
the bods should be warped or displaced by a tangential thrust acting at right 
angles to the course of the canyon,'* 
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lo l»old (heir antecedent courses while weaker streams were 
being diverted. 

Most of the medium-slsed streams which head in the mountains 
follow consequent courses down their slopes. The map shows 
this distinctly for the Blue Mountains and the Owyhee in south* 
western Idaho. It is exemplified by the streams of eastern 
Washington which flow westward from the mountains of Idaho. 



Fto. S 6 . — Sndk« River ?Uin: lookins ftenM the younc cenyon of Snake River. 
Note the bloeke of baealt In (be forefround at the left. No eoil laysr appears 
in the canyon wall. (PAofo fry H. 11'. Fofrfronfre.) 


It also appears in the numerous coulees (canyons without 
streams) which traverse central Washington in a southwesterly 
direction (page 258). 


Division into Sections 

Different parts of the province differ greatly in altitude and 
degree of dissection, and in the general style of topography 
produced. On this account the province is divided into five 
sections. For want of adequate surveys and maps it is not now 
possible to indicate the boundaries of these sections with exactness. 

The Snake River Plain in southern Idaho is a typical young 
lava plateau, one of the best of its kind in the world (Fig. 86). 
It slopes toward the Snake River from a maximum height of 
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nearly 6,000 ft. at the norlheasf to less than 4,000 ft. on the 115th 
mendian. (See trap. 184.) 

Farther west the surface is lower and more eroded. This is 
because weak sedimentary rocks (lake beds and others) either 
underlie the surface or are interbedded with lava above the level 
of streams, hence favoring dissection. The topography where 
affected by these conditions is distinctly different from that of 
the Snake I'Jver Plain and the area may be appropriately treated 
as a separate section. As shown on the map and described on 
pages 244-248 the Payftte aerfiow is much more extensive than 
these sedimentary beds. The term Payette section may be used 
for the present to designate a geographic region of varied 
character, partly as described, partly mountainous, partly lava 
plain. An undetermined share of this belongs to the Snake 
River Plain. 

In northeastern Oregon, is the Blue Mountain section. It 
consists of a nucleus of old mountains not covered by the floods 
of lava. Later uplift has raised the mountains and domed the 
lava surface to a height of 7,000 ft. As these higher parts of tho 
lava surface have been roughened by erosion they arc here 
included in the Blue Mountain section. 

West and north of the Blue Mountain section is the Walla 
Walla section, the largest of the province. It embraces some 
40,000 square miles and is far from homogeneous. For detailed 
description It must be divided into units of lower order. From 
levels of 2,000 to 4,000 ft. at the base of the surrounding moun- 
tains the surface slopes toward the center where the Snake River 
joins the Columbia at an altitude of less than 300 ft. Thence 
the Columbia flows west through the Cascade Mountains to the 
Pacifie. Most of the lavas that underlie this and neighboring 
sections arc distinctly older and more eroded than those of the 
Snake River plain. These arc often called the C:olumbia lavas, 
using the word in a narrow seo-se to distinguish them from the 
Snake River lavas. 

South of the Walla Walla section and west of the Payette 
is an area, the Hamey sedion, having much in common with the 
Great Basin but lacking the characteristic “basin ranges." It 
is a very arid country covered in part by detritus which the 
streams arc unable to transport. Most of the drainage is to 
lakes without outlet. 
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SNAKE RIVER PLAIN 

Fresh Lava Surface. — The lava-covered basin of the Snake 
River in southern Idaho constitutes a long eastward extension of 
The Columbia Plateau province (Fig. 69). The axis of the Snake 
River depression has been flooded with black Pleistocene basalt 
which overlies the lighter acid lavas (Pliocene) which form the 
substratum of the margins. The basalt covers practically all 
of the populated districts of the section and has been much more 
studied than the older acid lavas of the margin. This is the 
part, therefore, that forms the basis of most of the descriptions. 
Physiographic ally the basalt -covered center does not differ 
greatly from (he margins on the older acid lavas. 

East of long. 115^‘ (he topography is very simple. It is that 
of a lava plain, much of which is so new that weathering has 
made but little progress. The very thin soil only partially hides 
the black basalt. Over areas some miles or even dosens of miles 
in extent, the lava flows are practically unweathered, ^coriaceous, 
scraggy, and very difficult to cross. Some of these flows may 
have occurred only a few centuries ago. In southwestern United 
States they would be called by the Spanish term malpais. One 
such field of extremely fresh lava occupies 100 or more square 
miles traversed by the Oregon Short Line, beginning a few miles 
west of American Fails (long. 113^). Northeast of that another 
large area is crossed by the railroad west of Black foot (long. 
1L2'’30'). Between the 113tb and U5th meridians the northern 
margin of the plateau contains large areas which have but recently 
been the scenes of volcanic activity. One of these districts has 
been set aside as the Craters of the Moon National Monument.’ 
These and other lava tracts, while more strikingly fresh than the 
vast plain, are no more level; in fact they retain the original 
roughness of the scoria which commonly disappears with weather- 
ing long before stream erosion begins. 

^ A few miles eftst of tbc 1 15th meridUn the Soake River leaves iU general 
westerly course and flows nearly north for 20 miles. At the couth end of 
thir *og it receives the Salmon Falls Creek from the south and at the north 
end it receives the Malade River from the east. This locality is interesting io 
itself because of the Thousand Springs and Salmon Falls, but it is especially 
worth fixing in mind as marking the appronmate eastward limit of the area 
within which the lake beds ate important- — Ruaseti., U. S. Geol. Survey, 
Sid/. 199, pi. I; Liwugren, U. S. Geol. Survey', 20fA Ann. Repl., pt. Ill, pi 
VIII. 

> Stearns, Harold T., 0<ofr. fUv., vol. XTV, pp. 363-372, 1924. 
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Altitudes and Slopes.—Tbe vast plain is sensibly flat. In 
reality the margins on the older^ lighter colored lavas slope 
toward the belt of basalt which occupies the middle. The latter 
is slightly higher near its median line. Here also are most of the 
low basaltic mounds which mark points of extrusion. A trans- 
verse section of the basaltic belt suitably chosen and passing 
through one of the larger mounds, might show a total relief of 
300 to 600 ft., half of it being due to the mound itself, the other 
half to the lateral slopes of the plain.* For a considerable dis- 
tance the Snake River flows near the southeastern edge of the 
basalt formation. Along its northwestern edge are local sinks 
or ephemeral lakes in which the streams from the mountains 
on the north come to an end and disappear. 

At its northeastern end the Snake River Plain is over 6,000 
ft. high, The river is 5,000 ft. high only near the Wyoming 
border. Before reaching the mouth of the Malade (long. 1 15^) the 
plateau surface has fallen to less than 3,300 ft. Slopes of 10 to 
30 ft. per mile from margin to axis are common. As some well- 
constructed mountain railroads have grades of 200 ft. per mile, it 
will be seen that the slope of these plains is generally not apparent . 

Buttes and Lava Cones. — The appearance of a great sea of 
lava is intensified by the occasional buttes which rise abruptly 
from its surface as steep islands above the water.’ Some of these 
are of older and different volcanic rock (rhyolite, andesite, etc.'l 
and represent the summits of much eroded, older volcanic moun- 
tains rising above the flood which covered their bases and sub- 
merged their lower neighbors (Fig. 87). Of this character is 
Big Butte rising 2,350 ft. above the plain, also Middle and East 
Buttes northwest of Blackfoot. Very different in appearance 
from these steep buttes of older rock are the many broad low 
domes, mentioned on page 231 (Fig. 85), produced by the 
up- welling of the liquid basalt. 

Streams from the Mountains.— The rivers which descend 
from the bordering mountains are for the most part unable to 
transport their loads of sediment to the Snake. Those entering 
from the south manage, after a fashion, some intermittent, some 
perennial, to deliver their wafere to the main stream, but they 


• KiRKifAU. V, R, D., Geologies! Rcconnauwwicc in Eautom 
Idaho Bur. Minn and Gcol., Pamphld 19, pp. 4 and 0, 1927. ’ 

» RuMaSLL, I. C., V- a Oeol. Survey, Bult. 199, p. IS; also pi. opp. ii 34 
Kirkmam, V. R. D,, Idaho Bur. Mine* and Gcol., Pamjthld 19, p. % jy27 
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have veneered a broad strip of the basalt plateau with their 
detritus which appears on the geological map as Quaternary 
deposits. The Snake itself (both North and South forks) has 
the same habit in its upper course above Idaho Falls. 

The rivers from the mountains on the north must traverse 
the plain for a much longer distance than those from the south 
before reaching the Snake River. As noted above, the Snake 
River follows the south side of the basaltic belt. That belt 
itself, being highest in the middle, constitutes a barrier which 



Fto. 87.— Rut Butte. Idaho, an old rhyolitic volcano aurroundad by bauit. 
The Snake Rivm downwarp wm first co^*er«d by acid (ganeraJly lixhVcolored) 
lavas which coma from such voleanoea aa Uua. Later tLa axis of tho valley was 
flooded with baaait. surrounding soma oi the old volcanosa and no doubt burying 
otbacs. (RuutU. U. S. <7rof. 5uney.) 


would turn aside the streams coming from the north. None of 
these northern streams brings its waters to the goal. It is prob- 
able that the Malade would, at least in wet seasons, if the water 
were not used for irrigation. Two of these streams are known, 
respectively, as the Big Lost and Little Lost Rivers. These and 
others diminish in volume after issuing from the mountains, 
and give out, sometimes at one point, sometimes at another, 
occasionally filling playa lakes. The aridity of the climate 
would of itself cause these streams to disappear before going very 
far from the mountains, but their exhaustion is hastened by per- 
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colalioa due to the jointing and scoriaceous character of the 
lavas and to the porosity of the interbedded sediments. ‘ 
Dendritic Tributaries. — Because of the lack of surface water 
as well as on account of its extreme youth, the Snake Kiver 
Plateau above American Falls has scarcely yet begun its cycle 
of erosion. West of that place the Snake flows to the mouth 
of the Malade through a canyon. A beginning has Ijoen made, 



I'lo. W».— Wood River Vullpy: IqoIijiik north trom Hiillpy. Thi# and other 
Hlroum* Truck the Simhe River mnln from the mounUirir on Ihc north. Thoir 
yulleya ^uat before rcaehin* the Hain afford aomc of Ihe l>est u»rjruhnrnl land 
m Iduho. The view here ahown ia juat within the Umila of the Moimtuhi 
province. The wuter of Ww! River, when not oil uaed for Irriaatioii, may 
o^oalonally reach tlie Snake, fu companion atreama farther eaal, l.osl River 
V, o »*‘d l»rrh ('reek, diaojiimir in ainka on the |>(ain. (Untlortn 

U. ft, (ftoi. .SnPMir.) ^ ' 

but not much more than a bepniiing, in the development of 
dendritic tributaries. At places the walls are notched by ravines 
and canyons between which are flat remnants of the plateau. 
Snake River Canyon and Falls.— After falling 50 ft. at Ameri- 
can Falls, the Snake River flows in a moderate trench to Twin 
Falls where it drops 180 ft. Two miles below this at Shoshone 
Falla it drops another 210 ft. Below this it runs in a canyon 700 

* Rusbbll, I, C., IT. 8. Cool. Survey, Bull. 199, p. 25, 
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ft. deep. At Salmon Falls near the mouth of the Malade the 
stream again descends 25 ft. 

All these falls are of the Niagara type, due to differences of 
resistance among lava beds in a nearly horisontal position. 
Like Niagara, they arc all receding up stream, thus lengthening 
headward the deep gorges below the falls. It has even been 
affirmed' that the canyon of the Snake in southern Idaho 
has been excavated more largely by this process of recession than 
by the downward corrasion of the stream. 



Fio, S0. — Blu« Lftkc Alcove, looking toutb Into Hnikc River Cdnyon. IdAho. 
This is a short canyon, only two roiles Iona, caused by (he recession of a sprina. 
If a stream be substituted for the Ukce. (his vie* becomes represeot stive of 
the Hnake River Canyon In its narrosrer parts, and of its laraer tributsriee. 
dtvfafll. U. S. Qnl. Survey.) 


Spring Waters in Snake Canyon. — The large and relatively 
steady flow of the Snake (estimated at 8,000 sec .-ft. in January 
and 40,000 sec.-ft. in June*) ia noteworthy in view of the small 
and inconstant supply from its tributaries. This is largely 
supplemented by the spring water which falls into the gorge 
from the more porous beds outcropping in the canyon walls. 
In part this is the water of the "lost rivers^' from the mountains 
on the north. Almost all of it Issues from the north wall of the 
canyon. The so-called “Thousand Springs" opposite the mouth 
of the Salmon River (long. 115^ afford a spectacular case of 

> Russell, I. C., U. S. Geol. Surve>', Evil. 199, p. 12f, 

* Silver City folio 104. U. 8. QeoL Survey. 
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such supply of ground water (Fig. 90). Within one-half mile 
along the canyon wall a constant volume of water estimated at 
500 sec.-ft. or more, enters the river. Most of this water issues 
from a layer of cellular or scoriaccous basalt 185 ft. above the 
river. The volume which enters in l(*ss notice.abic style Is no 
doubt many limes as grcal.^ 



till. — T)ic ThoiiR)iiMl SftriiiBS. jlnakf C'ujijou. IiJuIim. TIic«o Kpriniiii 
iMDP from th« nortli h:iI| of Ih© ©nnyon «n<l »rp frd by »al©r from the moimiuitiM 
fiirttior iiorlh. M<>«t of th© water followa a Riiiicle luy©r of c^tUihir, •(*<>ritM‘<»c>u>( 
tMiNult frritit wliirti it imica at u height vf IK.*! ft. «l>ovc (Ji© of the |>r<>ri|OiHv 

T\ii‘ water ia uwmJ |t» irriffulc Ihi* citluviat ctlabi a’ldiin (liu caiD’on. iHuMxHI. 
f^ a. Oeot. Surv*^.) 


Soils and Vegetation.— ICxccpt on the fresh lava flows the Snake 
Uiver Plateau is beginning to Ijc covered with a thin residual 
soil fonned from the basalt. Near the mountain borders and 
in the cinbaymcnts (here is a local covering of alluvium, often 
course or gravelly. The most noticeable soil cover, liowover, 
is a fine yellow dust roil which covers large areas, including the 
•slopes of some of the volcanic butt ok. From its physical charac- 
ter and Ms occurrence on rocks of different kIndK, llussell ascribed 
* Fnr set* HusseLL, I. C., foe. eif.. p. 27. 
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1o this formation an aoolian origin.* The alluvial soils of the 
stream valleys are the chief resource for agriculture. 

Sage brush is the one nearly omnipresent form of vegetation. 
On the better or deeper soils, or where favored by greater mois- 
ture, bunch grass is also abundant. Over the larger part of the 
area it appears but sparsely, interspersed with the sage brush. 
Some higher portions of the plateau near the mountains are 
covered by open forest. Elsewhere trees are represented chiefly 
by the cottonwood which lines the banks of the Snake River 
where the breadth of the canyon permits. 

Agriculture and Grazing. — Throughout the stretch of river 
here described, farming is carried on in a limited way by using 
the waters of the Snake to irrigate the canyon bottom. The 
water of the Thousand Springs U largely used to irrigate a con- 
siderable tract of bottom land. As early as 1902 Russell esti- 
mated that 8,000 acres were being irrigated from springs in the 
Snake C'anyon between Shoshone Falls and the mouth of the 
Maladc, a distance of about 50 miles measured along the river. 
The valleys of the lost streams emerging from the mountains on 
the north also afford some excellent agricultural land. Most of 
this should, however, be allotted to the Mountain province. 

Most of the Snake River Plain is now and, so far as agricul- 
tural science can be foreseen, must always continue to be, a 
grazing country so far as it can be used at all. Cattle and shee]) 
arc the chief resources. 


PAYETTE SECTION 

Distinguishing Features. — A large area west of the 115th 
meridian differs from the Snake River Plain as described above 
in three important respects: 

1. Its altitude is less. 

2. Lake beds underlie the surface, either immediately or inter- 
bedded with sheets of lava. 

3. Because of the weakness of the sedimentary rooks the 
surface is partly dissected by stream valleys. 

The area thus designated borders the Snake River and its 
principal tributaries on both sides and extends well into Oregon. 
Patches of young basalt plain like that farther east occur within 
this area but they occupy a smaller fraction of the total and are 
separated by valleys (hat cut down into the lake beds. 

’ Eussell, loc. cii; p. 21. 
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Altitude and Slopes. — The plateau level near the Snake River 
declines in altitude from about 8,500 ft. on the eastern side of 
the Payette section to 2,600 ft. on the Oregon border and less 
than 2,200 ft. near Weiser. The northern margin of the plateau 
rises approximately to 4,000 ft. and the southern margin to 6,000 
ft. above sea-level. This is the altitude of the divide between 
the Snake River Basin and the basin of internal drainage to 
the south. 



Ti I * ” wall ftf 8naka niytt Canyon in iVr Pay<*Hc swllon aomh of 

I oua, Idaho. The '•canyon'* ie here «rc«Hy witlcnM. The lund in 

the forrarouud la o terrace. The roclca are lake will, iotcrculuicci bnauit 
JhccU. Om of (]i« latter capa IIm mcaa. (ffawWf, C. 3. Ofol. Survfy.) 


The presence of the lake beds and the relatively low levels 
along the Snake lUver both point to subsidence along a great arc 
extending from near Yellowstone Park to the point where tht 
Snake Kiver enters its great canyon on the Oregon bolder 
Structurally this subsidence is indicated by the dips of the older 
lavas on the margins of the province. In general these lava flows 
dip toward the axis. In the eastern part they pass beneath the 
Snake River basalt and in the western part beneath lake beds 
which arc interbedded with the Snake River basalt. The ainouni 
of sulisidence increases from east to west, its maximum, many 
thousand feel, probably being in eastern Oregon. The lowe.st 
part of the trough thus produced was filled with water in which 
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sodiments accumulated. At intervals during the same time, the 
dry land portion of the trough was being hlled by basalt which 
also occasionally covered or partly covered the accumulated 
sediments. 

Topography on the Lake Beds. — The topography on the lake 
beds, occupying perhaps 5,000 square miles, is that of a partly 
dissected plateau. It is a country of mesas separated by abrupt 
valleys with or without streams. Near to the main streams dissec- 
tion has made much progress although no large areas could be 
called mature. Wi^h increasing distance the topography more 
and more resembles that of the lava plains.^ 

The Snake and its larger tributaries, Boise, Payette, and 
Owyhee, have terraced valleys several hundred and locally 500 
to 1,000 ft. deep and varying in width from one to ten miles. 
Some of the older terraces are nearly 600 ft. high and somewhat 
eroded. The later and lower ones, like the valley bottoms, are 
nearly flat. 

Owyhee Mountains.— South of the Snake River and close to 
the Oregon boundary, rise the Owyhee Mountains, a north-south 
range about 30 miles long, rising above 8,000 ft. and entirely 
surrounded by the plateau surface. Although well removed 
from others of its kind, this range is in general appearance much 
like the “basin ranges”* and would be counted among them 
except for its isolated position. Granite and older eruptives arc 
exposed in its central axis. This range may or may not have 
been an island in the lava sea. At all events It was a center of 
an upward bulge after the surrounding lava plateau was formed. 
The plateau therefore slopes from these mountains in all direc- 
tions, having at their foot an altitude of about 5,000 ft. It is 
furrowed by canyons, partly because of greater rainfall and favor- 
able slope near the mountains, partly because some or all of the 
lavas are older than the Snake River basalts.* Farther west 
and north, the widespread lavas, generally called the Columbia 
River lavas, are distinctly older than those of the upper Snake 
Basin, which by contrast are called Snake River lavas. At all 
events there is not in southwest Idaho and adjacent states any 

‘ For descriptions of the topography. on these Iske beds see W, Undgrer^ 
U- 8. Geol. Survr>', IWA Ann, Rept., pf . Ill, p. 625; also folios 45, 103, and 

104 

’ LiKDOREN', W.. V, S- Geol. Survey, 20<A RepL, pi. Ill, P- 77, 1895. 

• Silver City folio 104, U. 8- Geol. Surv^'. 
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such great expanse of remarkably flat lava plains as is found in 
I he upper Snake Basin. Aside from the area underlain by lake 
beds much of the surface of the Pa 3 ^tte section is underlain by 
acid lavas similar to those of the matins of the Snake River 
section, being of similar age and topography. 

Agriculture and Grazing. — The Payette section, especially 
in its larger valleys, supports a larger population than the lava 
plains to the east. Grasing is the most widespread industry. 
The county which contains Boise, the state capital, is one of 
the chief .sheep counties of the United Slates. Where agricul- 
ture is possible it is very profitable. Farming is practically 
limited to the valley floors and terraces of the chief streams. 
On the old lake beds agriculture is not favored either by the 
character of the soil, the water supply, or by the topography 
(dissected plateau). ‘ The summer flow of these streams is all 
used for irrigation. In these coses the cultivated areas may 
still be enlarged by storing the winter run-off for summer use. 
The valley of the Boise is the chief farming country in this part 
of the province. The irrigable area In the valley of this river 
alone is estimated at 357 square miles but it is not probable that 
the stream carries enough water to irrigate (his entire area.* 

The waters of the Snake have been relatively little used. West 
of the 116th meridian the bottom lands become important but 
until the river reaches the Oregon boundary its immediate valley 
is narrow and the fall of the stream relatively small, hence it 
would be difficult to divert its wafers to the higher terraces. 
That part of the Snake River that marks the state boundary 
south of Weiser, a stretch of 30 miles, has broad bottom lands 
confluent with those of the four large tributaries which enter 
here, the Owyhee and Malheur from Oregon, and the Payette 
and Boise from Idaho. This section therefore affords the chief 
farming district of Idaho. 

The commonest crop is alfalfa which is grown largely for winter 
feed. Fanning here is thus seen to be closely related to t he graz- 
ing industry. Some grain is also raised and there are large 
orchards of apples, pears, and prunes. 

Ground Water.— A resource of considerable importance is 
found in the springs both hot and cold. From such springs and 


' Boise folio 46, U. 8. Geol. Survey. 
*LjNDa«E», W., end Drako. N. F. 
Survey. 1904. ' 


Nempe folio 103, V. 8. Gcol 
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irom wells near them, Boise has a municipal water supply both 
hot and cold.‘ Springs at Vale, Oregon, on the Malheur River, 
furnish water at ld8®F., the hottest in the region. Various 
other places have hot springs. 

Artesian water, If not flowing, at least rising by natural pressure, 
is available over practically the whole farming district described 
above. Probably 1,000 square miles are thus favored. * The 
water comes from the mountains through the more porous mem- 
bers of the lake beds. The layers which confine it under pressure 
are the clay beds of the same formations. 

Mining. — The only mining in the part of the province here 
described is in the Owyhee Mountains. Here are important 
mines of gold and silver. Placers have been worked in a small 
way in the Boise Valley. The towns of this province, notably 
Boise, have profited by the mining industry of the adjacent 
Mountain province. 

BI^TO MOUNTAIN SECTION 

Character. — Northwest of the Payette section is a mountain- 
ous area, chiefly in northeastern Oregon but extending a short 
distance into southeastern AVashington. As stated earlier, some 
of these mountains antedate the lava flows and stood as islands 
rising several thousand feet above the lava sea. However, 
since the entire district, mountains and lava alike, has been 
further elevated since the eruptions, and since the lava plateau 
around the older mountains has been much dissected, it is thought 
best to include the elevated and roughened lava margin in the 
Blue Mountain section. Defined in this way the Blue Mountain 
section in Oregon becomes contiguous with the Northern Rocky 
Mountain province in Idaho, the two highlands being separated 
only by the deep canyon of the Snake River, Id miles wide at 
the top. 

Mountains Older the Plateau.— Of the central and older 
mountains it is stated that, “in its general aspect the region con- 
sists of closely folded Paleosoic and early Mesosoic strata, 
shattered by large masses of intrusive rocks, partly covered by 
Neocene lavas.”* This is also the character of the mountains on 

i IlufiSELL, I. C., Notes on the Geo]ogy of Southwestern Idaho and South- 
eastern Oregon, U. S. Oeol. Survey, BvU. 217, p. 24, 1903- 

» Russell, I. C., IT. S. Geol. Survey, BuU. 217, p. 25, 1903. 

’LiNDOBEH, W., The Gold Belt ot the Blue Mountains of Oregon, U. 8. 
Geol. iSurvey, 22nd Ann. Repl., pt. II, p. 577, 1901. 
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the opposite side of the Soake River on the border of the Northern 
Rocky Mountain province. Lavas rise on the shoulders of these 
ranges to a height of nearly 7,000 ft. 

Among the beat known mountains on the Oregon side are the 
Wallowa Mountains* just north of the 45lh parallel. They arc 
described as an island 25 miles in diameter in the sea of basalt.’^ 
They rise 9,000 ft. above sea-level and 3,000 ft. above the dis- 
sected plateau surface. These are only one of half a dozen 
mountain groups or ranges/' all of the others being included 
under the general name of Blue Mountains. The best known 
of these are the Elkhorn Range west of Baker City, the Green-* 
horn Range some 35 miles farther southwest, and the Strawberry 
Mountains, a high group between the l*laat fork of John Dny 
River and the 44th parallel. All of these groups are surrounded 
by, or consist partly of, the elevated and dissected surface of the 
lava plateau. 

Mountains Carved from the Plateau. — Embracing the Straw- 
berry group is a belt of uplifted plateau surface 10 to 30 miles 
wide lying just north of the 44th parallel, stretching oast to within 
40 miles of the Snake River and west to within 50 miles of the 
Cascades. Through much of its length it rises to between 6,000 
and 7,000 ft. Its superior altitude gives it a larger rainfall than 
that of the adjacent plateau. It is therefore much dissected 
and, for the same reasons, forested, Its area being largely occupied 
by the Malheur and Deschutes National Forests. 

A similar upraised strip of the plateau surface trends northeast 
from north central Oregon to the southeast corner of Washing- 
ton.* It forms the northwestern and northern border of the 
Blue Mountain section. The portion of this uplift which lies 
in southeastern Washington is a dome more than 5,000 ft. above 
the sea and 4,000 ft. above the structural troughs on the east 
and north through which the Snake River flows, 25 miles away. 
The top of this dome is dissected to maturity and near the Grande 
Rondo River to a still later stage. Near ite base the doitie is 
less dissected. Despite the elevation of the dissected plateau 

‘Called also £agl« or Eagle Creek MouDtoina, also Powder llivrr 
Mountama 

« Lindorem, W., U. 8. G«)l. Surrey, 2aA4»R. Kept, pt, III, p, 92 

■ 8m contour mop of the United SUte., U. a Gcol. Survey, 1913 jo 
mile, to tho inch. Compere rIki the following msps in the Atles of Anieri- 
c.n AgiieuUurc; pt. I, mc. E, N.tur.1 Vegct.tion; pt, II, see. A, Preeinita- 
tionand Humidity; pt. II, Mr. I, Froetandthc Growing Season 
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the dips of the lava sheets rarely exceed 3 deg.‘ The surface 
is largely occupied by National Foresta. 

Snake River Canyon. — -The strip of basalt plateau whose 
level surface formerly filled the passage between the Blue Moun- 
tains and the Salmon River Mountains of Idaho, was 20 or more 
miles in width, The Snake River traverses this belt from south 
to north and in cutting its canyon a mile deep and 15 miles wide 
has destroyed most of the plateau surface for a distance of 50 
miles. If this work of erosion could be undone, the restored 


Fjo. 02.— Lftva plateau in weatern Idaho near the t^th parallel, looking wost 
to the Wallowa Mountaina of Oregoo. The iolerveoing canyon of Snake River 
is hidden froco view. Its tributary. Crooked Creek, fn ^e foreground, is rapidly 
cutting down, as indicated by the convei slope*. Note the trees on north-facing 
slopes, Elevation about 7.000 ft. (Ltndgren, V. S. Qed. Sunty-) 

surface of the basalt plateau between the Wallowa Mountains 
and the Seven Devils would be more than 6,500 ft. high. The 
level of the stream falls in this stretch from 2,100 ft. at Weiser to 
about 700 ft. at Lewiston, Idaho, where its course turns west 
across Washington. The greatest depth of the canyon is there- 
fore 5,000 to 6,000 ft., or about the same as the maximum depth 
of the Grand Canyon of the Colorado. Its width also is not 
very different, being about 16 miles at the broadest. Where 
cut through sheets of basalt, the canyon walls spread out and 

‘ For description see Russell, I. C., Geology end Water Resources of 
Nes Perce County, Idaho, V, S. Cool. Survey, WaL Sup. Pop. 53, p. 59, 1901. 
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show many of the imposing architectural features which enter 
so largely into the descriptions of the cliffs and canyons of the 
Colorado Plateau. 

The slopes of the canyon here consist of alternating cliff and 
terrace with great talus slopes. The horisontal lines thus 
afforded are crossed by vertical gashes and intricately branching 
ravines, leaving outstanding towers and a confusion of corru- 
gated ridges. 1 1 is a great mistake to assume t hat (he impressive- 
ness of a great canyon is measured by the mere steepness of its 
sides. Only the color of the C'olorado Plateau is lacking, the 
romber blackness of the basalt cliffs being relieved only by the 
grey of the bunch grass on the rock terraces and talus slopes, and 
by scattered trees above the altitude of 4,000 ft. The rocks 
exposed in this canyon are mentioned on page 227. Where 
basalt overlies (he granite and schist, the lower part of (he canyon 
cut in the older rock is precipitous. In (he basalt above, the 
canyon widens out. 

The canyon of the Salmon River is second in grandeur only 
to that of the Snake. It parallels the latter in western Idaho 
before turning west to join the great canyon of the master stream. 
The canyons of the Grande Itondc in northeastern Oregon and 
of the ('learwater which issues from the Idaho mountains still 
farther north and joins the Snake at Lewiston, are similar to that 
of the Salmon. 

Forests. — Most of this area above 4,000 ft. at the south or 
3,500 ft. at the north, is covered with pine forest. This applies 
to plateau and mountains alike. The summits of the highest 
mountains. Seven Devils and Wallowa, are bare above 7,500 ft. 
Their topography indicates glaciation to a moderate degree. 

WALLA WALLA SECTION 
The Section as a Whole 

All that part of the province that lies north and west of the 
Blue Mountains is here treated as a single section, the largesl 
in the province. There is much diversity among its several parts 
but the propriety of ranking them as sections is doubtful. Its 
several parts, or districts, will be described separately although 
without assigning definite boundaries in all cases. 

The Snake River joins the Columbia near the center of this 
section, Here the plateau surface is less than 500 ft. high. lu 
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further decline westward is interrupted by several upwarps 
Through which the river follows its antecedeot course in canyons 
about 1,000 ft. deep.* The entire section slopes toward this 
low valley from the north, south, and east, the margins of the 
section being 2,000 to 3,000 ft. high, 

Most of the underlying rock of the Walla Walla section is 
basalt but two considerable areas in the western pari are under- 
lain by lacustrine sediments like those of the Payette section. 
There is general agreement among geologists that the lava fiows 
are mainly Miocene but different parts of the section differ so 
greatly in their erosional histories that various ages have been 
assigned ranging from Eocene* to the close of the Pliocene.* 

It is noteworthy that the youngest lava flows observed are 
on the east side and the evidences of greatest age and erosion 
on the west side, but a generalisation to the effect that the western 
) art is older than the eastern would not now be justified. Mainly 
on the basis of studies in the eastern part, Brets believes the 
general surface of the basalt to be essentially the original surface 
of the lava flows incised only here and there by valleys that cut 
deeper than the mantle rock.* Smith and Willis, approaching 
the area from the west, believe that the surface of the basalt is 
a peneplain.* There is no inherent improbability in the assump- 
tion that different parts of the section may have had different 
physiographic histories but if this be true the two histories remain 
to be worked out and distinguished. 

' These canyons, the firal of which is the Walluta Gateway, have an 
interesting relation to the great floods which made the sctblands described 
on p. 258- — Brbts, J Harlen, The Spokane Ftood beyond the CJianneled 
Scsblands, Jour. Gcof,, vol. XXXIII, pp. 97-115 and 238-259, 1925- 
»Shith, G. O., Mt- Stuart folio 108, V. H, Geol. Survey, 1904; 
cf. LiKDaRKpf, W., Silver City folio 104, U. 8. Ceol. Survey, 1904. 

■ Russell, I. C., U. S. Ceol. Survey*, Wat. Sup. Pap. 53, pp. 54 and 55, 
1901; t/MPLBSY, J- B., V. S. Cool- Survey, BuU. 528, p. 48, 1913, speaks of 
these lavas as dating from late Oligocene or Early Miocene to about the 
close of the Pliocene. 

^ Bretz, J H., The Channeled Scablands of the Columbia Plateau, Joter. 
Geol., vol. XXXI, p. 623. 1923; Brcte, J H., Glacial Drainage on the 
Columbia Plateau, Geol. Soc. Amer. BuU., vol. 34, pp. 576 and 581, 1923; 
Pardee, J. T., Geology and Mineral Deposits of the Colville Indian Reser- 
vation, U- S- Geol. Survey, BuU. 677, pp. 14 and 47, 1918. The area here 
concerned lies north of the Columbia River and near the Cascade Mountains. 

‘SiftTH. G. 0.. and Waus, Bailey, Contributions to the Geology of 
Washington, XJ. S. Geol. Survey, Pn^. Pop. 19, pp. 28, 52, etc-, 1903. 
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Eastern Margin 


Ertent and Altitude. — Southeastern Washington with the 
adjacent margin of Idaho and a smaU part of Oregon northwest 
of the Blue Mountains constitutes a district that is fairly homo- 
geneous. The area here contemplated extends west almost to 
a line connecting Spokane with the Columbia River at the point 
where it first touches Oregon. 

The term “ Palouse Country” or ” Palousc Hills” is often used 
for the part of this area north of the Snake River, most of it 
being in the Palouse River Basin, the river itself being in another 
district. The slope is west and northwest from altitudes of 



i'lo. — TopQgrtphy df lh» P»loy#e dUtrict near PuJIdxid, WMhingloD. 

V, S. Gni. 


3,000 or 4,000 ft. at the foot of the Coour D’Alene Mountains 
in Idaho and the Blue Mountains in Oregon. Correspondingly, 
the annual rainfall decreases from about 25 in. on the east to 10 
in. on the west. Generally speaking, the elevation near the foot 
of the mountains stops just short of the lower level of forests, 
which is about 3,600 ft. in this vicinity. The district as a whole 
is often called the “Wheat Belt” as it is preeminent among the 
wheat-raising districts of the arid region. 

Topography.— The district has a rolling surface of broad 
rounded wave-like swells, rising generally 20 to 80 ft. above 
valleys, which contain neither streams nor channels (Fig. 93). 
Here and there in the northern part are isolated buttes of older 
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rock, outliers of the Idaho mountains, rising abruptly above the 
lava plateau. The type of these is Steptoe Butte, an isolated 
quartzite mountain rising 1,000 ft. above the plain in the heart 
of the wheat country midway between Lewiston, Idaho, and 
Spokane, Washington. From its summit the vast wheat fields 
are seen stretching away in all directions over the rolling hills 
'‘like a stormy sea.” Only the eastern shore of this sea can be 
seen. It is made by the mountain border in Idaho with its jutting 
promontories like those of a sunken coast. ''Each level-fioored 
inlet and embayment is yellow with grain and each headland 
dark with pines. The explanation of this rolling topography 
is bound up with that of the soil as noted below. 

Soils. — The soU of southeastern Washington has excited much 
interest. It is very fine textured and deep, at places 50 to 75 
ft., with an almost total absence of any kind of stones. Its 
fine texture causes it to be exceedingly retentive of moisture. 
It absorbs moisture so rapidly that there is no direct run-off 
from the greater part of the . jea. Russell speaks of slopes of 25 
or 30 deg. which are not marked by rills or gullies either in 
the natural state or when plowed and left fallow for a year.* 

In former years this was frequently cited as an example of a 
residual soil derived from basalt and, as such, contrasted with 
the less fertile soils derived from more siliceous igneous rocks. 
Russell explained it as a residual soil whose great thickness is 
due to the ready decomposition of basalt. On this assumption 
the hills and valleys were made in a recent humid epoch (pre- 
sumably Pleistocene). The run-off is not now sufficient to supply 
the valleys with streams, hence the channels have become 
obliterated. In agreement with this supposition it was poin^d 
out that all the valleys are drained, the axis of each sloping 
downward to the next in the orderly fashion of an erosion topog- 
raphy, and that some of the valley bottoms are wide and flat. 

On the other hand this soil has the physical characteristics 
of loess. There is ample evidence that it is an accumulation of 
wind-borne dust, probably from the more arid region to the west 
and southwest. Not only does this supposition agree with the 
loess-like character, but it has also been shown that the chemicd 
composition is not what could be expected from the decomposi- 

• RcsSBLL, I. C., A Reconostssaocc in Southe^tem Washington, U. S. 
Geol. Survey, WaL Sup. Pap. 4, p. 30, 1807. 

« U. S. Geol Survey, WaL Sup. Pap. 53, p. 47. 
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t ion of t be underlying basalts. It is also pointed out that many 
of the hills are steeper on the northeast (leeward) side and that 
the soils are commonly deeper on that side and that ridges trend- 
ing transverse to the prevailing wind sometimes have cusps 
pointing leeward. These may be dune features but it is known 
that the cores of these hills consist of various kinds of sediment, 
part of which at least is not wind-borne.* The agency of wind 
in making the surface deposit or "soil” which veneers the hills, 
may be accepted as proved. To account for the prevailing 
absence of dune-enclosed basins it is fair to assume that during 
the accumulation of the seolian deposit, surface waters were also 
at work.’ Locally (and generally buried) there is a (rue residual 
soil grading downward into basalt.’ Elsewhere are occasiona) 
sedimentary deposits like those of the ‘Make beds'* farther west. 

This wheat country is crossed or bordered by the canyons of 
the Snake, Clearwater, and Salmon Rivers. On the east these 
canyons are 2,000 ft. deep, their slopes showing a succession of 
basalt ledges separated by terraces or talus slopes, all soil-covered 
and bearing bunch grass except the faces of the ledges. In the 
bottoms of these canyons are occasional narrow strips of Hoo<l 
piain, affording excellent fruit farms. West from the Idaho 
boundary the canyon of the Snake becomes progressively shal- 
lower, the plateau along its margin being dissected by tributary 
canyons cut down to the level of the master stream. Farther 
south around Walla Walla and in Oregon, are some broader 
valleys irrigated from streams that head in the Blue Mountains. 

Water Supply. — Wheat farming on the uplands is without 
irrigation. This is one of the most notable “dry-farming" 
districts of the United States, The soil absorbs the rain and 
melting snow so readily that there is practically nosurface run-oif. 

‘ UryaN, Kirk, The “Palouee Soil" Problem, U. 8. Geol. Survey, Bull. 
700, pp. 21-45, 1927. 

* For the HrgumenU in favor of residual origin, see Russbll, I. 0., A 
Heron naiKRanco in Southeastern Washington, U. H. Oeol. Survey, Wal. 
Sup. Pap. 4, pp. 59-04, 1897; for a ilatemcnt of the aoNan h.vpolhesis see 
Calkinm, Frank C., Geology and Water Resources of a Portion of East 
Central Washington, U. 8. Ceol. Survey, Wat. Sup. Pop. 1 18, pp 45^9 
1905. 

Tho Held observations made by these two writers agree in the main except 
os to the gradation of the soil into the underlying rock wheeh was affirmed 
by UuaaeU, while the opposite was observed by Calkins. 

J Harlbk, The Channeled Sea Wands of the Columbia Plateau, 
Jour. Otol., vol. XXXI, p. 523, 1923. 
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To prevent loss of ntoisture by evaporation (he ground is kept 
constantly plowed. Crops arc raised in alternate years only. 

Water for domestic purposes is hard to obtain and often of 
poor quality. The deep and firm -textured soil, exceedingly 
retentive of moisture, gives up water very slowly to surface wells 
which are sunk from 30 to 50 ft. deep. Moreover, the soil of a 
semiarid country quickly yields soluble salts which make well 
waters unpalatable. In many communities water has been 
hauled 10 to 15 miles in tank wagons and stored in cisterns for 
domestic use.‘ 

In a portion of the wheat belt, artesian wells have been success- 
ful and the conditions seem favorable over a strip extending 
westward perhaps 15 to 25 miles from the mountains^ The 
head is small and flowing wells are found only in the deeper 
valle 3 's, but deep wells yielding good water under moderate 
pressure will doubtless come to be the chief supply of this district. 
The water comes from porous sediments ^tween the basalt 
sheets. For reasons stated on page 223 these sediments become 
less and less abundant with distance from the mountains. It is 
probable, however, that in no large portion of the Columbia 
Plateau will this resource be found entirely wanting. The depth 
of such wells in eastern Washington ranges from seventy-five to 
several hundred feet below the bottoms of the larger valleys, 
Deeper wells will doubtless be drilled in the future. Many 
springs issue from these porous sediments exposed in the canyon 
walls in eastern Washington. 

The Coulee District 

Altitude and Slope. — Adjoining the district here described 
as the eastern mantin, is a roughly circular area extending nortP 
to the Spokane and Columbia Rivers, west to the Columbia and 
south to the Snake. Thia is here called the ''Coulee district 
for reasons stated below. It differs in important respects from 
the eastern margin. For the most part it is lower, being not more 
than 1,000 ft. high at the south and southwest. Its major slopes 
and drainage are south west ward, almost directly away from 
the Spokane-Oolumbia trench on the north near which it is 
2,300 to 2,500 ft. high. A strip 10 to 20 miles wide on the north- 

* Russell, I. C-, V. S. Oeol- Survey, Wai. Sup. Pap. 4, p. 13, 1897. 

» Ru.ssELL, 1- C., loc. eU., p. 78, says ‘*4 strip 10 1o IS miles along the 
eastern border of Washington." 
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west side, the WaterviUe Plateau, just within the bend of Colum- 
bia River, is exceptional, being distinctly higher than the rest. 

Rainfall and Vegetation. — The rainfall of the Coulee district 
is less than farther east, as might be expected in a region where 



precipitation is so closely related to altitude. It ranges from 
5 in. at Pasco, where the Snake and Coiumhia Rivera join, to 
18 in. at Spokane. The WatervUle Plateau Is an exceptionally 
wide tract of plateau summit. Being in the immediate rain 
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shadow of the Cascade Mountwns it receives less rain than 
Spokane whose altitude is lower. 

Id general aspect and vegetation much of the area is almost 
desert. There are some large areas of drifting sand and very 
scant vegetation. The drier parts have no trees, not even cotton- 
woods, along the streams. Sage brush is the dominant form of 
life. At places bunch grass grows between the sage bushes. 
The higher the surface the greater the proportion of grass. Along 
the higher northern edge bunch grass almost excludes the sage 
brush. Here wheat culture extends westward to the Water ville 
Plateau which is similar in productivity to the Palouse district 
on the east. 

Coulees and Scablands. — This district is distinguished by a 
type of erosion topography in some respects unique, not known 
to be exemplified elsewhere in the UDit<^ States or equaled else- 
where in the world. The parts thus characterised are known as 
scablands. ‘ These are strips of bare or almost bare basalt, 
roughly eroded and generally channeled by canyons known as 
coulees. As each strip of scabland throughout its width has been 
eroded to a lower level than that of the remaining original surface, 
and as the vertical- walled channels within each strip are numer- 
ous and intersecting, the term coulee is not always applied to one 
particular gorge but is sometimes used to designate an entire 
strip of scabland. The strips themselves merge here and divide 
there, forming a net-like pattern, enclosing remnants of the 
original plateau surface. This is true of all except Moses Coulee, 
the most western of all, which is isolated midway between Grand 
Coulee and the Water^e Plateau. The tot^ area of scablands 
is at least 2,000 square miles or one-fifth of the district here 
considered. 

In general these coulees traveise the district from northeast 
to southwest. They represent approxirpately the normal 
drainage lines of the present day but more accurately the lines 
of Pleistocene drainage. Most of them now cany water rarely 
if at all. These coulees and scablands result from erosion by 

* Brbtz, J Haales, The Cbanoeled Sc&bUfida of the Columbia Plateaui 
Jour. vol. XXXI, pp. 017-640, X923; also Gooffr. flea., vol. XVIII, PP' 
445 - 477 ^ 1928. For diicuasioQ of aocne of the theories involved see Wash- 
Acad. Sci. Jour., vol. XVII, pp. 200-211; Brbtz, J Harlbn. The Dalles 
Type of River Channel, Jour. GtcL, vol. XXXII, pp. 139-149, 1924; Alter- 
nate Hypotheaea for Chaoneled Scablands, Jottr. G^oL, vol. XXXVI, pp* 
193-223 and 312-341, 1928. 
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glacial streams of great volume and steep gradient escaping from 
the ice-covered area to the north.* As the plateau in its larger 
aspect was smooth but in detail rough, these great streams 
spread widely, dividing, subdividing, and reuniting in web form 
and stripping the mantle rock from broad belts (Fig. 94). Within 
the web or between the great strips are reranante of the original 
surface, preserving the loess cover and the mature drainage 
pattern of the Palouse country. 

The entire coulee system begins abruptly at the limit of glacial 
advance a few miles south of the Spokane and Columbia Rivers. 
Its limit IS equally sharp on the west and south where the out- 
flowing waters were received by the master streams, Snake and 
Columbia, running in valleys ample enough to cany all the 
water to the sea, not without floods but without further crossing 
of the uplands. The Palouse River follows the easternmost 
belt of scablands beyond which no drainage issued from the ice- 
covered area, and scablands arc wanting. Toward the northwest 
the coulees become more widely spaced. The WaferviJJe Plateau 
has none. 

Where the EUensburg beds overlie the basalt, scablands are 
absent, the conditions for their development not being fulfilled 
(page 2ei). There are also about 1,000 square miles of surface 
covered by gravel spread out and laid down by the streams that 
made the coulees. This area is adjacent to the lower course of 
Crab Creek, south of the Great Northern Railroad. The surface 
is relatively low and streams converging here lost not only their 
cutting power but much of their transporting power.^ 

The old channels in these scablands reveal a peculiar lack of 
grading (Fig, 95). AU stream beds, here or elsewhere, are more 
or less subject to local scouring in time of flood. Thus deep 
boles aro made but generally filled again between floods when the 
deeper water is relatively quiet. On the other hand the floods 
here referred to seem habitually to have excavated basins not 
m loose material but in the solid basalt which is, however, broken 
into blocks by closely spaced vertical joints. One such rock 
basin, south of Moses Uke, is 75 ft. deep below its down-stream 


‘ Klacid Lake Mi«ouIa 

may have fumuhed the water nccesisry for thi« work (aec n 222) 

A map of acahland arew and Kravcl depoaita b Riven by 

^nymg h» paper on Channeled 8cablanda^ Eaat^ WMhinetnn 
Aev.. vol. XVIII, pp. 446-477, 1928. '^Mhmgton, GfOffr- 
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rim.^ Such basins are repeated at intervals along the same 
channel and the channels are many, generally separated by 
tabular masses of basalt. Thus a peculiar topography is pro* 
duccd which b more or less characteristic of the 2,000 square 
miles of scablands. 



Tio. 96.— A part ot the DfumheU«r Ch»nnria in lh« of 

Th« wholo ilPt within ih» cb®nnd floor of tho ipiJlway of 
flood. Dwpcr loool ehnnnoU oro rfippied. Rock bMjM ^ 

Note bronehini and int«r«»e(ion of ehanncU. <A^<t 18 .) 

courte$v «/ Ths A awncon OtoffrapfriaU SociHvfrom Tht GeotfrapA icof Renew. 


Tor the interpretation of such features it is fortunate 
we have at the present time a single illustration of wmilar ^ 
tures being made elsewhere. Thb is at The Dallies o 
Columbia, just above the entrance to the gorge throug 
Cascade Range.* Were the water removed from 
topography would be revealed showing all the striking features 


, U. S. G«o!. Survey, Corfu toposraphic sheet. 

: In the paper referred to above, the Jmr. Geol., vol. XXOT, 

1924, J Harien Brets describes the peculiar feature of the 

nc\ at The Dalles and poinfsouf their homolor' 
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of the scablands, Including a rock basin whose bottom is 90 ft. 
below the rim on the downstreom side. In the production of 
such features Bretz notes three essential factors; (1) a stream of 
large volume, (2) high gradient, and (3) close vertical jointing. 
In most streams one or more of these factors are wanting. Even 
in this district not all the basalt that was washed bare Is thus 
channeled but ‘'there are hundreds of miles of channels of this 
character on the plateau, none of them along present major 
streams and many of them without even intermittent streams.’* 

Grand Coulee.— The well-known Grand Coulee differs in some 
respects from those described. In this the main canyon is so 
large and continuous that the interlacing of channels and other 
scabland features is not prominent. This difference In character 
results from a difference in history.' All the smaller coulees 
farther east were made in a pre-Wisconsin glacial epoch when the 
escaping waters were not concentrated into one great stream 
but crossed the plateau in nine or ten main courses, interlacing 
but never combining into a single stream. At that time the 
Grand Coulee, although Independent of the others, bad much 
the same character but apparently became incised much more 
deeply across the higher part of the plateau. In the last, or 
Wisconsin, glacial epoch, the Columbia Kiver cost of the Grand 
Coulee was not covered by ice, but west of that a glacial lobe from 
the Okanogan Valley crossed and blocked the Columbia Gorge, 
damming back its waters until they rose to the level of the former 
Grand Coulee. Then they followed that depression to the lower 
course of Crab Creek by which they rejoined the ('olurr.bla. The 
glacial waters of this epoch, although not so abundant as In the 
former epoch, concentrated all Iheir energies along a single course. 
The stream, moreover, was probably larger then than now. 

The present Grand Coulee north of C'oulcc C’ity is a canyon, 
SQO to 900 ft. deep and one and one-half to four and one-half 
miles wide. Its nearly vertical walls are of basalt, of which a 
dozen or more sheets may be seen at some places (see Fig. 84 
page 227). The basalt thins toward the mountains on the north! 


IT ^ Rcconni»*i.« in Central Washington, 

U. S. Gcol. Siirvcy, Buti. 108, J893; * 

Jlesourrpa of East Central 
Washington, U.8. <ieol. Purvey, Bull. 118, p. 18 , 1905; 

Buktz, J Haulbs, Glacial Drainage on (he Ooiiniihi,i Plateau, Geol Soc 
Arnor. Hull., vol. 34, pp. 873-608. 1023. 



262 PHYSIOGRAPHY OF WESTERN UNITED STATES 


exposing the granite which made the pre-baaalt surface. The 
floor of the coulee is nearly flat but the old channel is locally 
clogged with glacial and wind'horne material forming shallow 
basins which retain alkali lakes. 

Farther south the plateau level declines and the valley is less 
deep but the gorge reappears at intervals by a drop of the fonner 
stream bed over a basalt cliff, the site of a former waterfall 
A feature of this kind three miles south of Coulee City is extraor* 
dinary. Here the vertical plunge of the stream was 400 ft. to 
the level of the present lake which fills a pothole of unknown 



Fio. W-— H«ad of lower Gr*Dd Coul«. lookiag loutb from tho brink of ^ 
old cftUTfcct. Potholo Uko the right. (PhOQ fry S. J. Bvan$. 
hj/ oourU^v pf Tfte Amtrican G^o^nphieol Soeiefy from The Geoorophtcal 
rc/. IS.) 


depth. A similar fall is found several miles to the cast, It 
indicates that the stream had several parallel channels or that 
the current was concentrated along more than one axis in a 
channel four miles wide. 

Like Shoshone and other falls in this province, these were 


of the Niagara type, retreating up stream and leaving gorges 
in their wake. There are few features in the United States 
possessing at the same time the lonely grandeur, the histone^ 
significance and the accessibility of these extinct Niagaras whi^ 
have been so Uttle visited and remain so little known. ‘ Sou 
» The first mentioned fall three miles from Coulee City is in a sUte p«lf 


and reached by excellent highways. 
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of this point a series of Jakes occupies the axis of the valley, the 
water percolating from one to the next. The northern members 
are therefore fresh. The last of the series is Soap Lake whose 
water is so strongly alkaline as to feel slippery to the hands. 

South of Soap Lake and the Great Northern Railroad the 
course of glacial drainage was not confined by canyon walls. 
It followed the present drainage lines of Crab Creek, a stream of 
feeble and precarious flow. Moses Lake lies along this line but 
is fed mainly by springs, iU waters escaping by seepage and 
evaporation. It remains sufficiently fresh for stock. 

Moses Coulee. — Ten miles west of the Grand Coulee and iso* 
lated from the rest is Moses Coulee. Although smaller it is 
much like its eastern neighbor even in the matter of cataracts. 
One of these drops 400 ft. over three distinct ledges in less than a 
mile. Like all the others it had a pre- Wisconsin history and 
like the Grand Coulee it was used again by waters escaping from 
the last glacier.* Ry this course the water from the Okanogan 
lobe joined the (‘olumbia. 

Pleistocene Submergence.— It has long been believed that 
the lower parts of this section were covered by water in late 
Pleistocene time. It is now recognised that (he land was tem- 


porarily below sea-lcvcl though the water was kept fresh by the 
outward current. Submergence extended almost to Lake 
Chelan on the north and perhaps 50 miles up the Snake 
River from its mouth. The highest points known to have been 
submerged arc now more than 1,200 ft. abo\'c the aea.* Tho 
physiographic effects were not large but some of (he coulees arc 
known to have been partly filled and their bottoms made flat. 
Scattered boulders borne by icebergs constitute the principal 
evidence. 


Resouices.— Id the eastern part of this district the topography 
and soil between coulees do not differ from those of the eastern 
margin of the district. Farther west the loess is less and less in 
evidence; drainane systems are less msture and the typical land- 
scape of the Palouse country disappears. Except for the scab- 


' Bbet*. J Hahisk, Owl. Soc Amer, Bull., vol, 34, p, 57s, reprod.iws 
R photograph of Mo«a CouIm showing (hr widr ch.nnri of Spokane age 
nlmrply trcnchftl by the canyon made in the last glaeial epoch. ^ 

Pl'istoreno Submergence in the Coh.ml.i. Valiev, Jour 
a»l.. vol. XXVII pp. 489-606. 1919. The work of Uuaaell and other 
former worker® ut thia field ia cited. 



2i)4 ruy,HJO(iRAriiY of wehtern united stated 


lands, wheat culture is extended westward until increasing 
aridity makes it intpossible. Near the northern edge, however, 
where the altitude is greater and rainfall sufficient, the same type 
of farming extends to the Cascade Mountains. Elsewhere 
grazing is the chief industry but limited by lack of water. Within 
reach of water this district shows all the familiar and regrettable 
effects of overgrazing. Farther from the water holes the bunch 
grass is preserved. It is probable that the water-bearing beds 
in the lacustrine formation or between the basalt sheets would 
afford water enough for wells to make most of the area available 
for grazing. There is not much reason to expect fiowing wells' 
but the water could easily be pumped by windmills. As may 
be judged from any good map, there is not much human 
population. 

Yakima District 

Between the Columbia and the Cascades is an area drained 
largely by the Yakima River. As Yakima is also its largest and 
most widely known center of population the area is described 
here as the Yakima district. 

Transverse Ridges. — The distinctive character of this district 
is largely due to its geologic structure. From the great north* 
south axis of the Cascade uplift, subordinate anticlines extend 
eastward, at least eight in number, between the Wenatchee 
River on the north and the Columbia on the south. These 
anticlines form ridges rising from 1,000 to 3,000 ft. above the 
intervening valleys, the floors of which are in general not much 
more than 1,000 ft. above the sea. In a general way these 
ridges trend east (Fig. 97), some of them reaching to the Colum- 
bia and several of them still farther. Their axes are, however, 
not strictly parallel. In more than one instance two or three of 
them merge at their eastern extremities thus enclosing structural 
basins which are at the same time topographic and drainage basins. 

In general the ridges are even-crested and smooth-sided, the 
consequent streams on their sides having only young valleys* 
Most of them are not high enough to be forested but bear, instead, 
an abundant growth of bunch grass with some sage brush. 
They very much resemble the Waterville Plateau. The south- 
ernmost of these ridges, between the Yakima and Columbia 

• Calkiks, Frank C., Geology and Water Resources of a P^^rtioa of 
Central Washington, V. S. Geol- Survey, WaL Sup. Pap- 118, p. 90, 1906. 
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Rivers, is a broad upland called '^Horseheavcn’' on account of 
its abundant grass. A little wheat has boon raised here by dry- 
farming methods, but the yield per acre is small. 

Structural Valleys. — The inter%'ening valleys are in all essential 
respects arms or isolated portions of the arid plain on the east. 
The rainfall is usually not more than 12 in. Sage brush is the 



LEGEND 


Ho. RIvTr, W'whiftuUm. on •nlwtlfnt I'hp eaU-M PUt 

Mnva are iJuo to rnialnl nH»veiiicnl. Tlie riwr had j.h'VWMjfcly u<lu|dvcl Ita 
■oulliorly pourw and mamtafned it by putting down aa riial ua (he ridjwa mia> 
(Dfawn by Ggy-Haruld Smith.) 


chief native vegetation. The Yakima Ri%-cr in eroding these 
valleya from north to south U locaUy hordcnKl by cottonwood 
trees, 

The underlying rock in most of these valleys is the ICllensburg 
formation consisting of sand, gravel, silt and volcanic ash This 
fills the basins to a depth of at least 1,200 ft. in some places. It 
thins out toward the ridges which are made almost wholly of 
basalt. ^ 

The Yakima River.-The Yakima River after de8cen<linK the 
cast slope of the Cascade Mountaina north of lut. 47®, luriw 
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south and crosses five of these ridges and the intervening valleys 
before turning again east at the north foot of the Horseheaven 
Plateau. It follows the ^‘dge of this plateau to the Columbia. 

The Yakima crosses not only the transverse ridges but also 
the intervening troughs in a young valley. It cuts through the 
ridges in gorges from 1,000 to 3,000 ft. deep, choosing its points 
of crossing without regard to sags in the crests which might in 
several cases have been found nearby. The channel is also 
incised in the valley bottoms, some more, some less, because 
they are of unequal elevation. Throughout its course are beauti- 
ful entrenched meanders, not only where the stream crosses the 
lowlands but in the deep gorges traversing the uplands. 
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Fiu. OK.— Korth^uth section at the caalem baae of (he Caacado Raiiite In 
Waehinatoa. The ridffM aie repreaentad aa an ticl I nea which were baae«Icvcled 
and agoin uplifted. <0. O. V. S. Geci. Smrtey.) 


Physiographic History. — The physiographic history of these 
features is interpreted as follows by Smith and Willis:’ The flows 
of basalt and the deposition of the Ellcnsburg sediments (late 
Miocene) occurred before the elevation of the Cascade Range. 
The rise of that range at the close of the Miocene was accompanied 
by gentle transverse folding. Thus ridges were formed which 
extended east from the mountains just as the present ridges do. 
The whole Cascade region, along with these lateral ridges, was 
then reduced to a peneplain. Although the anticlinal ridges 
were thus destroyed, their places were represented on the geologic 
map by strips of basalt, laid bare by denudation. In the inter- 
vening synclines the sediments were preserved. The peneplain 
formed at this time is known as the Cascade peneplain. 


‘ Smith, G. 0., and Wrixis, Bailet, Contributions to the Geology* of 
Washington, U. S. Geol. Survey, Pref. Pap. 19, 1903; also Smith, G. 0., 
Ellensburg folio 86, U. S. Geol. Survey, 1903. 
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LaUr the Cascade peneplain was uplifted to the height of the 
present mountain tops. At the same time the transverse folds 
on the east side were renewed along axes almost agreeing with 
those of the former uplifts. It is the result of this last folding 
which we observe in the present ridges. Their smooth tops and 
sides represent the peneplain, and the small streams which are 
beginning to furrow their sides are consequent on the last uplift. 

Whatever may have been the nature of the drainage during 
the earlier events here recounted, it is certain that the Yakima 
River was following its present course before the final uplift, 
while most of its tributaries are just where they should be if 
determined by that uplift; i.e., they are consequent, The 
Yakima is an exceptionally good example of an antecedent 
stream, the evidences of this character being repeated in each 
ridge crossed. 

Reficction will show that if the surface of the ridges is rocog- 
nized as a peneplain, it is impossible to account for the present 
features by a single uplift. This peneplain has been traced 
westward into the C'ascadc Range and it also extends eastward 
until it can no longer be distinguished from surfaces of other 
origins.^ 

Artesian Water. — Where the anticlines coalesce and make 
closed basins, the structure is favorable to artesian woter. The 
chief development has been in the basin which contains the city 
of Yakima, i.e., in the valleys of Alanum and Moxcc ('reeks. 
The artesian water in this basin comes from porous beds near 
the base of the ICllcnsburg formation. 

Irrigation and Agriculture.— This is the chief irrigated district 
of Washington,* and the Yakima and Naches Rivers are the 
leading streams. The Kittitas Valley (containing ICllcnsburg) 
is chiefly engaged in producing hay and other field crops and 
vegetables. The Atanuin-Moxee Valley (containing the city 
of Yakima) is one of the best known fruit districts of the United 
Rtates and is also famous for its hops. Farming is chiefly on 
the broad areas of fertile alluvial soil. This is in large part a 
reworked volcanic ash, one of the most abundant constituents 
of the Ellensburg formation. The residual soil on the basalt 

' 8oc p. 252 for doubt eirpreved on this point. 

* For informtlton ou tgriculturc, irrigation, and soils ec^ Smitii, (i. 0., 
Geology and Water ResourresoT a Portion of Yakima County, Waslunglon! 
U. B. Geol. Survey, Wat. .^up Pap. 55, 1901; abo Ellcnsljurg Tolio 80, 1003. 
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and sediments of the ridges is fertile and productive where 
sufficiently thick. Farming in many of these valleys has been 
greatly fostered by the construction of storage reservoirs by the 
U. S. Reclamation Service on the headwaters of the Yakima, 
Naches, and their tributary streams from the (-ascades. This 
has increased the area of irrigable land by several hundred 
thousand acres. The climate is too arid for successful dry 
farming except where ground water and soli conditions are 
peculiarly favorable as on a few alluvial terraces. 

North Central Oregon 

Distinguishing Features.— The area between the Cascade 
Mountains on the west and the Blue Mountains on the cast is 


not sharply distinguished in character from the districts described 
above. Its underlying rocks are the same. North central 
Oregon is somewhat higher than south central Washington 
and has more rainfall though not so much as the Palouse country. 

The drainage is north to the Columbia and is sufhciontly 
vigorous to cut steep^ded channels and gorges in the basalt. 
To a greater extent than in eastern Washington the minor 
streams In this district head in the mountains and therefore 
carry more water. From the Walla Walla on the cast to the 
Deschutes on the west at least five streams from the mountains 
reach the (’olumbia. As many more travel ihe greater part 
of the distance before uniting with one of the five. It is by the 
character of the drainage that this district is distinguished and 
delimited from the Hamey section on the south. Like the rest 
of the Walla Walla section it drains to the sea. Local base level 
is sufficiently low and the gradient sufficiently steep to make 
possible the headward growth of tributaries and the cutting of 
sharp valleys. The Harney section has internal drainage and 
the salt lakes that mark its local base level lie so high that streams 
can do but little cutting. 

The Deschutes River.— The largest and moat interesting 


stream in this district is the Deschutes, which flows north to the 
Columbia at the east foot of the Cascades. It flows through a 
plateau composed chiefly of basalt. From CUne Falls to its 
mouth (144 miles) it flows in an abrupt canyon 500 to 2,000 ft. 
deep. Its fall is large, being 13 ft. per mile for the last 100 
miles, and about twice that amount for the next 100 miles above. 
In many ways the Deschutes is a remarkable stream. Its waters 
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are clear and fresh and it has the distinction of having the most 
uniform flow of any river in the United States which does not 
flow from a great lake. It is very unlike a desert stream. At 
its junction with the Columbia, its maximum recorded discharge 
is only six times Us minimum.* With most rivers this ratio 
rises into the hundreds- In its middle course, for 50 miles above 
the mouth of the Crooked River, the Deschutes never varies 
in height more than 8 to 10 in. This striking phenomenon is 
due to the fact that its bed is cut in sheets of cellular basalt.* 



Fio- M.—Cftiiyon of tho Crookwl River, tu miles \Movf PriJK^viJlr, Otokou 
It must nai bo undorstood (hat term cunyoA npremrilv dpsisntitrs h 
no wider than the stream, both In the Columbia and the Colorado maleaiii 
the hero sliown » quite m common aa that of the Grand Canyon of tb< 

or the Royal Gor« of the Arkunsas. 
Tho flood (dain within thie canyon affords the ooly farminq land of tho district 
hor eomc <IUtance above PriftCvUIe Its width ie four or five milca. 

U. S.fifoi. Sun^t/.) ' ' 


Into thie porous substance all flood waters disappear, and are 
stored. In times of drought the deficiency is made good from 
this reservoir. 

This uniformity of flow together with iu high gradient makes 
the Deschutes particularly valuable as a prospective water- 
power resource. It has been estimated* that 600,000 hp can 
easily l>c developed on this stream and its chief tributary without 
interfering with the use of the stream for irrigation. This plan 
provides also for the irrigation of a half million acres. 


' OiiovER, N. c., u. H. Oepl. Sumy, IFgf. Sup. Cap. 344, p, 12. 

* I, C., H. Gcol. Survey, BuU. 252, p. 20. 

■UWIK, John H., D™rhu(« IU«r, Orrgoi. tn.l Iw rtilijaeion, II, a 
Survey. tVnt. Sup. Bnp. 344. r». K3, > 


270 PHY^^IOGRAPHY OF WESTERN UNITED STATES 


The chief tributary from the east is the Crooked River (Fig, 
99). For more than 100 miles (in a direct line) it follows a 
devious westerly course, most of the way in a canyon. It is fed 
largely by springs. Below Prineville where the canyon is four 
to five miles wide the waters of the stream are all used for 
irrigation. 

Topography. — On its eastern side this district merges with the 
Palouse Hills and has the same character, the soil being loess 
or volcanic ash and the topography between streams being 



Fio. lOO. — Typical mound lopo*raphy of the south wartarn portion of tha 
Columbia Pl&taau. View near Maupin, Dragon . Thaaa mound • ara of volcaue 
nsh rwtlng on baaalt. Noiw cacaad 6 ft in haiibt or 75 ft in diamatar, Thair 
compoeition ia idantieal with that of the aheat of v^eanie ash which u aome 
localitiaa covara the surface uniformly. C. Il’afrre en4f C. W. Flagler.) 


determined partly by wind. Toward the west the valleys become 
more canyon-like, or coulee-like, partly because of greater aridity 
and partly because the soil cover is less thick, and streams, even 
intermittent streams, cut into the basalt. The depth of valleys 
tributary to the Deschutes River reaches a maximum of 1,000 ft. 
In the more desert parts, as in the immediate valley of the 
Columbia River, the an^arity of the sUeaoilesa valleys is 
marked. To a smaller extent than in the Palouse country, 
the surface between streams exhibits the same rolling topography 
as that which prevails on the loess. 
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The soil in the Deschutes Basin is in part residual, but no largo 
area is free from an admixture or a thin cover of «olian or ashy 
material. Volcanic ash is present, at least as an admixture, 
growing more abundant toward the south. It is not improbable 
that the surficial mantle is to be accounted for mainly or wholly 
by deposition from volcanic eruption rather than by ®olian dis- 
tribution.* In this part of the lava plateau, and to some extent 
in others, are numerous small circular or oval mounds (Fig. 
100). Those of this district range from 16 to 75 ft. in diameter 
and from one to six feet in height. Such mounds occur In various 
parts of the United States (page 445) and doubtless have various 
origins, In the Columbia Plateau they seem to be the lemains 
of a thin sheet of volcanic ash, otherwise stripped away from the 
underlying basalt.* 

Agriculture.— Over large stretches (he soil is very thin, as in 
the Warm Springs Indian Reservation, west of (he Deschutes 
below the mouth of the Crooked River. Here the soil is rarely 
more than two feet thick and there are areas where the fresh 
basalt is exposed. 

East of the river the soil is much thicker. A strip east of and 
parallel to the Deschutes below the mouth of the Crooked River 
is known as the ‘‘Haystack Country “ and •• Agency Plain.'^ 
This is in all essentials similar to the great wheat belt of eastern 
Washington. Most of it remained as public land until I90:i 
when it became known that this area was suited to dry farming 
and the growth of wheat. It was then rapidly taken up.* 

The need of water for domestic purposes in this district is 
about as pressing as in eastern Washington. Tank wagons often 
haul water 12 to 15 miles. There is reason to hope for success 
with artesian wells in some parts. Many of the springs which 
enter the Crooked River near its source are warm (60 to 87*) 
indicating that the water has come from a depth of perhaps one- 
half mile. Although this does not assure success with artesian 
wells it is a favorable indication. 


0. W., Origin of tho 8maJl Mounds on 
the t^lumbia River Plateau, Amer. Jonr. Sd., vol. XVIIL p 212 1029 
> Watbiw a. C., and Plaolbm, C. W.. Lk. «t., p. 215. This piper nanioa 
13 theories to account for theac and eimilar uounrls and cites representative 
papers from the literature of the subject. ^ 

* Lewis, JoHM H., foe. cii., p. 77. 
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HARKEY SECTION 

General Character. — In central Oregon, south of the drain- 
age basin of the Crooked River, is an area of some S,000 square 
miles, 4,000 ft. or more in height, allied on the one hand to the 
Columbia Plateau and on the other to the Great Basin. Like 


the former it owes its general form and much of its elevation to 
nearly horizontal beds of basalt. Like the latter it has internal 
drainage, its scanty streams being lost in the loose mantle rock, 
or ending in alkaline lakes. Throughout most of the area the 
bedrock is deeply covered with uncompacted material. In its 
eastern part, around Malheur and Harney Lakes, where drainage 
centers, this loose material is alluvial detritus. Elsewhere it 
is made up wholly or in part of broken-up pumice, ranging in 
size of grain from dust to lapilli. Popularly it is called '’sand/' 
Throughout several thousand square miles, known as the Great 
Sandy Desert,” this material covers the surface to a great depth, 
locally as much as 70 ft.^ 

Rocks and Topography. — Nearly the entire section is underlain 
by sheets of basalt approximately parallel to the surface and 
apparently not much eroded. For aught that is known the pres- 
ent rock surface may be the original surface of the flow. A few 
large patches of lava are, in fact, so recent as to be bare and 
unaltered. After the last flows, except those just mentioned, 
came explosive eruptions which yielded great quantities of ash, 
covering the larger part of the Harney section and extending 


beyond it on the west and north. 

The area in which this material is deep and the surface level is 
the Great Sandy Desert. It is a poorly defined area elongated 
from northwest to southeast, 160 miles long and 30 to 60 miles 
wide, crossing the Harney section and extending beyond itt 
limits. Russell says of its topography “so nearly uniform Is 
the surface that one might drive throughout its length without 
meeting any greater obstruction than the rigid sage brush and 
without finding a single waterii^ place for men or animals. * 

The central and western parts of this section are dotted with 
volcanic cones so numerous that Russell counted 50 from one 
commanding summit. Most of them are not more than 200 


* Russell, I. C., PreUminarj* Report on the Geolog>'and We.ter R<^»urflefl 
of Central Oregon, U. S. Geol Survey, Bull. 2S2, p. 16, 1905. 

’Loc. cH., p. 13. 
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ft. high. Some of these are very young. Others are the remains 
of older and much eroded volcanoes. Several low escarpments 
are apparently due to erosion but aside from these and the vol- 
canic hills and mountains the central and eastern parts of the 
section have little relief. 

Vegetation. — The character of the Great Sandy Desert is 
not to be ascribed wholly to want of precipitation. This is, 
indeed, small but the aridity is intensified by the porous charac- 
ter of the mantle rock into which all surface waters disappear. 
East of the desert, in the vicinity of Harney and hfalheur Lakes, 
bunch grass is abundant and the grazing industry has been 
important. The valleys of three small streams that enter (he 
lakes are important irrigated districts. 

The general level of this section is not much above 4,000 ft. 
At this level the moisture is insufficient to support trees. At a 
slightly higher level junipers arc able to grow. These are, there- 
fore, found on some of the buttes. Pines become possible at 
about 5,000 ft. Above that level (hey clothe the Cascade.s of 
southern Oregon. 

Drainage System.— The two shallow lakes, Harney and 
Malheur, survive throughout the year, although suffering great 
changes in extent from season to season. They are bordered 
by swamps, showing that the soil here is of different character 
from that of the desert to the west. The direction of dramage 
is from Malheur Lake to Harney, which affords the final evaporat- 
ing surface for the drainage system. Its water is therefore very 
alkaline while that of Malheur Lake is relatively fresh. 

Until recently this entire drainage system constituted the 
headwaters of the Malheur River which flows east to the Snako. 
Then a lava flow crossed the main stream forming a dam, behind 
which the water rose and spread, Had its level risen 10 to 15 
ft. more it would have overflowed the dam. Meantime, however, 
it had spread so widely that evaporation was equal to the total 
supply. In this case exterior drainage was changed to interior 
drainage, not by a change of chmate but by a change of topog- 
raphy. The climate ts the same now as before, and the same 
above the dam as below it. 
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COLORADO PLATEAU PROVINCE 
TH£ PROVIKCE AS A WHOLE 

Distinguishing Features. — The name here applied to a vast 
province of 130,000 square miles was first given to a much smaller 
area in the Grand Canyon district. The larger area is often 
appropriately spoken of in the plural as the ''Colorado Plateaus. '' 
Its several parts, some of them strongly differentiated, have 
certain features in common which distinguish the entire province 
from its neighbors. 

The first distinguishing feature is approximate honzontality 
of its rocks. In the contiguous provinces the strata are folded. 
Tilted beds in this province are limited to a few great monoclines 
and the borders of a few local uplifts. There is no lack of steep 
slopes but, except on recent volcanic features, they are due to 
erosion guided in some cases by structure. In all the larger 
features the relation between structure and eroaional history is 
obvious. There is no other province in America where such 
relations are more impressive. 

The second distinguishing feature of the province Is great 
elevation. Aside from canyon bottoms, no considerable portion 
of it is lower than 5,000 ft. Between this and 11,000 ft., there 
are plateaus of all altitudes, some of them being higher than the 
nearby mountain ranges. Except where bordered by high 
mountains on the north and east, this province generally over- 
looks its neighbors from a bold escarpment. 

A feature which distinguishes the entire province is its remark* 
able canyons, not one but hundreds. These are favored 
elevation of the plateau above ite base level; (2) strength of 
rocks and aridity of climate, both causing steep slopes to waste 
slowly; (3) the bordering mountains and strips of lofty plateau 
which provoke rainfall and thus furnish water to the through- 
flowing streams. Lastly (4) it must be remembered that canyons 
are features of youth. Considered with reference to the currant 
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erosion cycle, the great canyons of this province are about at 
their maximum of grandeur. 

A characteristic feature developed in horisontal strata in an 
arid climate is the retreating escarpment. A series of bods 


I'Jo. 10L~lndox map of the Colomdo Plateau pro>'inc«. (Drawn by Guy* 

Harold Smith.) 

100 ft. thick or 1,000 ft. thick may have been stripped away for 
miles; yet the remaining portion may have suffered little or no 
loss of height. Our common conception of erosion involves the 
wearing down of a surface somewhat uniformly rather than a 
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wasting at the edges by which a mass of horizontaJ beds is reduced 
in extent without greatly eroding the surface of the part that 
remains. As pointed out by Dutton/ this latter process seems 
to be dominant on arid plateaus. It is clearly expressed in some 
of the major features of the province and also in countless minor 
plateaus and mesas that give character to the region. The proc- 
ess cannot be discussed here in detail but it is closely connected 
with the removal of talus. To one unacquainted with arid 
lands, the general insignificaDce of talus as compared with the 
importance of cliffs is one of the surprising features of the topog- 
raphy in this province.* (Note the absence of talus in Pig. Ill, 
page 304.) In regions like the Colorado Plateau it is not to be 
assumed that the retreating escarpment is a single straight verti- 
cal face. This would offer a small area of attack and the cliff 
would retreat but slowly. It is rather a fringe, shredded by 
many canyons and hundreds of tributaries. The forces of weath- 
ering attack not only from the front but from the flanks and rear, 
and spread destruction both ways from every crack. A commoD 
result is an isolated mass left standing for a while in front of 
the line. None the less, in a large view the cliffs form a good 
line and the frayed margin is narrow as compared with the 
well-preserved plateau. 

Variety among Parts. — The constituent plateaus, more or 
less sharply separated and receiving local names, are numbered 
by the dozen. Some rise, tsbie-like, above their neighbors 
on all sides; others abut, step-like or terrace-like, against their 
higher neighbors; a few are basin-like, limited on all sides by 
infacing cliffs. They differ also in the degree of dissection by 
streams, ranging from widespread flats or rolling lava plains to 
deeply and maturely dissect^ mountains of erosion. As a con- 
sequence of differing altitudes and stages in the erosion cycle, 
the several plateaus differ greatly in temperature, rainfall, and 
vegetation. At one extreme are hot wind-swept deserts; at the 
other are cool, lake-dotted, dense forests; between these are open 
forests, park and grass lands. 

More than half of the area of this province has trees of some 
kind but good forests are much more restricted. Yellow pine 
occurs above 7,000 ft. where the rainfall is sufficient. In favored 


* DTTPros, U. S. Geol. S^Tvty, Mon, 2, pp. 62-63, 1882; see also FsiW 
MAN, N- M., V. 8. Geol. Surrey, BttU. 730, p. 126/, 1022. 

» Grboory H- E., U. S. Geol. Survey, Prof. Pap. 03, p. 130, 1017. 
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spots are good forests or, it may be, park lands where patches of 
pine and aspen alternate with grasslands. Below 7,000 ft. 
piny on and juniper may fairly cover the surface or, with lower 
altitude and greater aridity, be widely scattered. The higher 
portions of the province, embracing most of the western and 
southern margins, are comprised in national forests but such 
reserves are by no means all forest covered.^ 

Subdivision into Sections. — The primary basis of subdivision 
is altitude and extent of dissection. Some of the section bound- 
aries follow the great escarpments, others are vaguely located 
between areas of unequal dissection. 

The greatest crustal uplift was in the southwestern part 
of the province, in the Gratid Canyon dxUrici; but here also 
was the greatest denudation. It is not, therefore, at present 
the highest part of the province, although locally rising above 

9.000 ft. This section is almost coextensive with the area of 
exposed Carboniferous rocks but includes areas where the^c 
are covered by volcanics. 

From the Grand Canyon district the strata dip north along 
the western side of the province, indicating that the uplift at 
the north was less. For this reason (aided locally by a lava 
cover) a north-south strip in central Utah escaped the prodigious 
wasting which occurred farther south, hence the remnants here 
stand higher than in any other part of the province. These rem- 
nants on the west side, some of which rise above 11,000 ft., arc 
known us the High Pktwuo of Utah. The ascent of 5,000 to 

6.000 ft. from the Canyon district on the south to the summit 
of the High Plateaus is made by a series of rock cliffs and terraces 
among the most remarkable in the world. These great cliffs 
are retreating escarpments and mark the present stage of denuda- 
tion in its progress toward the north. 

Continuous with the strip of High Plateaus on the wesiern 
border of the province is a 50- to lOCKmilc strip running east 
along the northern border and abutting against the Uinta Moun- 
tains on the north. It consists of north-dipping beds limited on 
the south by a great escarpment. The higher southern margin 
is called Tko TavapuU PlaUaus. The whole section is known 
as the Uinta Batin, most of its interior portion being lower than 
the edges both slnicturally and topographically. It was pre- 
served from wasting by the same circumstance which saved 

' »cc V. B. Dept Afj., msp of Kstkmal Foreata. 
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the High Plateaus, namely that the greater uplift was to the 
south, and the denudation which began at the place of greatest 
uplift has not yet reached far enough north to consume this strip. 

The remaining boundaries within the province are less definite. 
South of the Uinta Basin, between the High Plateaus on the west 
and the Rocky Mountains on the east, is a great area which by 
preeminence justifies the name of Canyon Lands. Tertiary 
and youngest Cretaceous beds, in so far as they covered this 
section, have been stripped back to their present limit in the 
escarprucnts already mentioned. These continue to recede 
while canyons, already numerous and at places intricate, continue 
to increase in depth and number. 

Canyons are not everywhere closely spaced, especially in 
southwestern Colorado and the adjacent part of Utah (see page 
315) but they constitute the chief characteristic of this great 
region. Canyons tributary to the San Juan extend this dissec- 
tion a short distance into Arisona. Farther south, in both 
Arizona and New Mexico, the plateaus are less deeply and 
minutely canyoned. This is the Naoajo stetion. It extends 
south in Arizona to the Little Colorado and its headwaters, the 
Fuerco, and in New Mexico to the Zuni uplift. South and south- 
east of that dome, volcanic features are so numerous as to give 
character to the landscape and require separate treatment. 
This is the Dalil section. 

GRAND CANYON SBCHON 

Definition and Extent. — The Grand Canyon district has 
already been defined as that southwestern part of the province 
in which uplift was so great and denudation so deep as to expose 
Carboniferous rocks (see Fig. 110, page 300), the oldest rocks of 
the province, at aititudes of 7,000 to 9,000 ft. These same beds 
descend nearly to sea-level beneath the High Plateaus to the 
north. A similar descent to the east beneath the Navajo section 
is accomplished mainly by the great East Kaibab monocline and 
the Echo Cliffs monocline (Fig. 102), just east of the Little 
Colorado. At the southeast the surface beds of the Grand 
Canyon section dip gradually beneath the volcanic cover of the 
Datil section. Locally within the Canyon section the Carboni- 
ferous limestones are covered by lavas, but elsewhere, despite 
the local contrasts, there are certain topographic features that 
prevail throughout this section and are absent from the rest. 
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Plateaus North op the Canyon 

Gen^iral Plan. — The section is cut in two by the Grand Canyon, 
north of which the country is again subdivided by great north- 
south faults. In part these are southward extensions of the 



rxo. 102.“Skotflh map of (ho Grand Cosyon diotriot. GW'. Grand Wa®h 
<^aTpm©nt: H. Hurricano eocorpmonl; T. Tortowenp VoUoy: H'/f. Woat Kaibsb 
fault and monocline: BK. EmI Koibab raoooelme; SC. Skmarvimp Cliffe; VC 
VormUlon afffe; WC. WUte CUffa: PC Pink CUfla; BC. Echo Cliffi; SF. San 
Fruncioeo Mountain. (Afltr /oAaoon.) 


same lines which subdivide the High Plateaus. In any case they 
belong to the same system, the members of which are narrowly 
spaced at the north but diverge toward the south where they 
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occupy a bell 150 miles wide. The several plateau units marked 
off by these fault scarps differ in altitude, topography, and 
climate. In genera) they rise step-like from west to east, each 
step being roughly 1,000 ft. 

Shivwits Plateau.— Farthest west is the Sbivwits Plateau. 
Its western boundary (and that of the province) is the Grand 
Wash fault (Fig. 102) one of the great faults of the region, with 
a throw near the river of 7,000 ft.,‘ the escarpment being about 
4,000 ft. The throw diminishes toward the north and gives 
out near the state boundary. On the line of this fault, the Shiv- 
wits Plateau overlooks the Grand Wash, a dry drainage course 
of the Great Basin. From the top of this escarpment more 
than 6,000 ft. above the sea, the plateau slopes gently eastward 
30 miles to the foot of the Hurricane fault scarp. In topography 
and appearance the Shivwits is similar to the Uinkaret Plateau, 
next to be described. 

Uinkaret Plateau. — Near the Colorado River, the Hurricane 
fault and its escarpment measure about 1,800 ft. The throw 
increases toward the north and becomes 6,000 ft. near the state 
line where it takes the place of the Grand Wash fault as the prov- 
ince boundary. This great fault is the western boundary of 
the Uinkaret Plateau. 

The surface of this plateau, 8 to 10 miles wide and reaching 
north 50 miles to the "Chocolate Cliffs" (page 3C3) is dissected 
by shallow open valleys in the Kaibab limestone. Above this 
nearly level surface rise mesas and table lands, capped and 
protected by the remnants of andent lava flows. Mount Trum- 
bull, rising nearly 2,000 ft. above the plateau, consists of several 
lava masses. There are also young volcanic cones, perhaps 
160 in all, some of which are as fresh as the lavas ejected by 
Mauna Loa within a century. At least one of the lava flows 
entered the canyon since it was cut to its present depth and has 
since been trenched by the river to a depth of 100 ft., but this 
was by no means the latest of the lava flows. 

Kanab Plateau. — The Uinkaret Plateau ends on the east at 
the Toroweap fault scarp (700 ft.) which extends north from the 
canyon for 18 miles with diminishing altitude. East of that 
line is the Kanab, the broadest of the plateaus and least pnv 
nounced in its features. Its desert surface of small relief is 
divided midway by Kanab Creek, the only northern tributary 

• Lag, Wituft T., V. S. Qeol. Survey, BvU. S52. 
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VI hich cornea down from the High Plateaus of Utah into the Grand 
Canyon. Even it can scarcely be said to do this, since its middle 
course in the Kanab Plateau is dry most of the year. It is a 
good example of ‘Mntemipted’' stream. 

Kaibab Plateau. — East of the Kanab is the Kaibab, the highest , 
most beautiful, and most interesting of the plateaus of the Grand 
Canyon region. Its altitude is from 7,500 to 9,300 ft. It rises 
above the Kanab by a combination of fault and monocline. On 
the other side the descent is made by the East Kaibab monocline 
by which the limestone beds descend again 2,500 to 4,000 ft. 
to form the platform in which the Marble Gorge is cut. Bet ween 
these great displacements, 35 miles apart where the Kaibab is 
highest, and converging toward the north, the uplifted block 
forms the Kaibab Plateau. 

Unlike the monotonous surface of the Kanab, that of the 
Kaibab is maturely dissected by rounded valleys of gentle slope 
not more than 300 or 400 ft. deep. Despite the ample ruins 
of summer and snows of winter, the valleys on top of the plateau 
arc streamless. Even the channels of the streams which cut them 
have been erased. Near the edges of the Kaibab the valleys 
deepen into ravines and carry streams. The upland is clothed 
with forests of pine, spruce, and aspen, opening here and there 
into grassy parks. Except in the higher parts where the spruce 
forms thickets, flowers bloom in profusion from June to Septem- 
ber. Some springs are found and there are many ponds of fresh 
water in basins, probably due to the solution of the Kaibab 
limestone. This fact, like the absence of streams, points to 
subterranean drainage, a suggestion which is supported by the 
number of great springs which discharge into the canyon from 
the sides of this plateau.' 

San Frahcibco Plateau 

Enent.— The name C’olorado Plateau was first applied to 
the district south of the great canyon. It was thus given the 
same rank as the Kaibab and others on the north side. Usage 
soon broadened the application of the name Colorado Plateau 
to cover both sides of the river. The name San Francisco 
Plateau, now applied to all that portion of the Grand Canyon 
section which lies south of the river, is taken from San Francisco 
Mountain, near Flaptaff. 

* Noats, L. F., U. B. Gcol. 8urvey, BmU. 540, p. 26, 1914. 
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Unlike the area north of the river, this large district is fairly 
homogeneous, except for the lava-covered area to be mentioned 
later. The great faults of the northern area stop either at the 
river or a few miles to the south; hence there are no sharp con- 
trasts of altitude in short distances. Aside from the mountains 
the altitude ranges from 6,000 to 7,000 ft. 

Topography and Drainage. — In a large way the slope of this 
plateau agrees with the regional dip of the rocks, which is north 
toward the High Plateaus end east toward the Echo Cliffs 


Fio. 103.— BUek Bill Ptrk of S«n FranvUco MounUin ft( tn etevatioa 
of 7,000 ft. ; a ebaraetarutio view in the hJf her parta of Che voleanie district of 
tbe Colorado Plateau in Arisona. The underlying rock if volcanic, covered 
locally with alluvium. Tbe mounlaina in the t^ckfrouod are volcanoes. At 
and above this elevation pines cover tbe surface, either in a scattered way, 
makins parks/’ or in food forests. (U. S. (7«oi. Surpe^.) 

monocline (see page 278). The larger valleys lead northward 
toward the Colorado almost from tbe brink of the escarpment 
that makes the province boundary on the south. But this sim- 
ple plan is modified by the great Kaibab uplift from which the 
rocks dip and tbe surface slopes south as well as east and west. 
Here the southward slope, though interrupted by the canyon, is 
resumed at its south wall and the local drainage is from the river. 

The dominant style of the topography in the northern part 
of the San Francisco Plateau, like that of several of the plateaus 
north of the canyon, is a rolling surface with few steep slopes. 
This is due to approximately mature dissection by wide open 
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valleys from 100 to 400 ft. deep. Where these lead toward the 
Colorado Canyon, their lower courses may be deeper and even 
canyon-like, but between the Little Colorado and Cataract 
Canyon, embracing all that part of the Grand Canyon which is 
best known, the smaller valleys on the south side lead away from, 
instead of toward, the Colorado. The southern rim of the canyon 
is, therefore, merely notched by those shallow valleys, whose 
heads are being continually cut away by the broadening of the 
canyon. The southeastern part of this section has much smaller 
relief than the rest, being at places nearly flat. 

Below the level of the rolling surface, a few abrupt canyons 
have been cut by streams which may once have been larger 
but which exist now only as occasional floods of muddy water 
after torrents of rain. Canyon Diablo, a soul hern tributary 
of the Little Colorado, is a typical example well seen from the 
Santa F6 Railroad. Cataract Canyon of the same type is the 
chief one draining toward the Colorado. 


Volcanic Features.— An area of 2,000 to 3,000 square mdes 
centering near Flagstaff is covered by lava flows (Fig. 103 page 
282) and dotted by several hundred volcanic cones. The 
highest of these is San Francisco Mountain, 12,700 ft. above the 
sea or 5,000 ft. above the plateau. None of the cones or lava 
flows are old and some bear no evidence of being made longer ago 
than yesterday, beyond the fact that they are cold (Figs. 104 and 
105).* The topography of this part of the plateau is that of a 
large number of small lava flows of different ages, the older ones 
eroded, the edges of the younger often marked by abrupt and 
rocky slopes preserving the exact form in which the moving lava 
congealed. 

A detail near the edge of thia district which has excited much 
interest is Crater Mound, once known as Coon Butte. It is a 
funnel-shaped crater three-fourths of a mile in diameter and 
600 ft. deep. Its rim rises from 120 to 160 ft. above the surround- 
ing nearly level plain toward which it slopes and the beds dip 
with a steep gradient. The otherwise horisontal sandstones 
and Umestones are turned up at angles of 10 to 80 deg., averajrine 
perhaps 30 deg. ^ ® 

This crater derives its special interest from the fact that 
there is a total lack of any volcanic ejecta in or around it. There 


■ Johnson, D. A Itecmt VoIcmk. in the Sm Francisco Mountain 
Kflnge, G«QgT. 8oe. BviL, July, 1907. 
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Flu. 104.— Burfarc of roc«nt Uv« flow. Sunacl Crotcr. near FlaKit^fT. Ansona. 
The hill in Ihc buckfround. has*inK an alHlude of more than 7,000 ft.i U ■paracly 
covetetl with yellow pine. (Pheto by H. IF, 



fio 105.— Youn« baaalt cone on the eaatem edge of the ban yradci«o v'.icani« 

field. {C/. 3. Gcol. Survey.) 
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Are, however, large blocks of limestone on the surrounding 
plain which may represent the material blown out by a single 
steam explosion to make the great crater. Further interest 
attaches to this crater because of the suggestion that it may 
have been caused by the impact of a great meteorite. Many 
small meteorites have been found in the vicinity but no portion 
of the great meteorite supposed to be buried within the crater 
has ever been found, although a number of deep holes have 
been drilled in search of it. With either origin it is unique and 
deserves the attention given it.* 

CUmate. — The altitudes of the Grand Canyon section arc 
reflected in the climate. The valley of the Little C’olorado, less 
than 5,000 ft. above the sea, has leas than 5 in. of rainfall per 
year, high temperatures, and a very strong diurnal range. Flag- 
staff, nearly 7,000 ft. high, is 10® cooler (average annual tempera- 
ture 46®) and has an annual rainfall of 22 in., the greatest in 
Arizona.’ A similar climate is observed on the Mogollon 
Plateau, the high edge of the province southeast of Flagstaff. 

Between the Kaibab Plateau and the bottom of the Grand 
Canyon the range of climate is as great as from the mountains of 
Colorado to the Mohave Desert.’ Winter snows are often 10 
ft. deep on the Kaibab, while snow rarely falls in the lower half 
of the canyon and freezing is rare at the bottom. Summer 
heat is often intense. 

The higher and more humid parts of the Canyon section 
are covered by open forests. This is true of (he Kaibab Plateau 
and even of the border of the Grand Canyon south of the Kaibab. 
It also includes the higher levels around San Francisco Mountain 
(Fig. 103) and the edge of the province to the southeastward 
for 200 miles. This last is ^‘from all points of view the finest 
forest in the southwest.*'’ 


Gilbbrt, C. K., Aww, voL m, pp. 1-13, 1896; MERRIL^ Geo. P., 
Smjtheonian MiwlUncoufl Collection, vol. 60, pp. 461^98, 1908; Astron 
8oc. Pa^ />u6., vol- 32, pp. 250-264, 1920 (include* a bibliographv); Fair- 
CHILO, H. L., Science, vol. LXIX, pp. 465-487, 1920. givoa an iWcrrslijjg 
hi^ry of the ronlrovcrey, atrongly favoring the meteoric hypotheaU. 

RoBiNaoN, H. H., The San Franc w*an Volcanic Field, Arizona, U. S 
Gaol. Survey, Prof, Pap. 76, p. 18, 1913. 

• Noblb, L F., It. S, Oeol. Survey, Suit 649, p. 25, 1914. 

‘Oannkt, Hknrv, l^ S. Geol, 8urvc>‘, Ann. ftc/rf., pt. V, pp 47-^8; 
^ ulao PtuyMBm F. G., Forcat Condition in the Black Mesa Fonsi Reserve, 
Amona, U. 8. Geol- Survey, Prof. Pap. 23, 1904. 
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Grand Canton 


Between the mouth of the Paria River {Echo Cliffs) and 
the Grand Wash, the Colorado River runs through the Grand 
Canyon. It is not to be understood that this is the only canyon 
of the Colorado. Prom the junction of the Green River with the 
upper Colorado (formerly called the Grand) to the Grand Wash, 
the Colorado Sows 500 miles between canyon walls. Within 
this distance there are only three points at which it is possible 
to reach the river with a wheeled vehicle. At a few other places 
pack animals may be taken to the water's edge.”^ Upstream 
from the Echo Cliffs the name Glen Canyon is applied aa far 
as the Henry Mountains, north of which is the Cataract Canyon 
From the Echo Cliffs to the Little Colorado (66 miles) is the 
Marble Goi^, a part of the Grand Canyon, two^thirds of a 
mile deep and exceptionally narrow. 

Dimensions.— The length of the Grand Canyon below the 
Little Colorado, ignoring minor crooks and turns of the river, is 
about 200 miles. A straight line from end to end is 126 miles 
long. It is commonly described in divisions corresponding to 
the plateaus on the north; the Kaibab division 50 miles, the 
Kanab division 60 miles, the Uinkaret 25 miles, and the Shivwits 
75 miles. In traversing this distance, the river falls from a 
level of 2,640 ft. to 1,000 above the sea. As the actual length 
of the river is 218 miles, the average fall is a little more than 
7^ ft. per mile or fifteen times that of the Ohio. 

The canyon varies in depth from 3,500 ft. to 6,000; the latter 
depth is in the Kaibab division. West of that it has a depth of 
approximately one mile at the western edge of each fault block 


described on page 279. 

The width of the canyon at the top ranges from a little less 
than 5 to more than 15 miles. The walls axe, therefore, far 
from vertical as is sometimes mistakenly conceived. If such 
were the case, the Grand Canyon would be relatively uninterest- 
ing. Contrary to first impressions its grandeur and impressive- 
ness are in large part dependent on the sculpture of its sid^i 
which necessarily involves widening (F^. 106). Parts of the 
less beautiful and little visited Marble Gorge conform more 
nearly to the primitive conception of a wonderful can 3 ^n. 
The narrowest point of the Grand Canyon below the Marble 


* U. S. Geol. Survey, Wnt. Sup. Pap. 556, p. 101, 1926. 
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Gorge is in the Kanab division, 4^ miles, where the depth Is 
more than a mile. At Havasu pai Point there is a drop oi 
4,500 ft. in miles. ^ This is the steepest slope if the entire 
depth be considered, although there are vertical cliffs more than 

1.000 ft. high. 

The Stream in the Canyon. — The discharge of the stream 
varies from 1,300 to 200,000 sec. -ft. with an average of about 

23.000 sec.-ft.* A depth of 40 ft. and width of 300 to 400 ft. are 
common. In flood it may rise 50 to 60 ft. higher. A stream of 
these dimensions with a fall of 7H ft- to the mile may well be 
expected to erode effectively. The work of the Colorado is 
favored by the large amount of mud and sand which it carries. 
It is thirty times as muddy as the Ohio. Dutton has estimated 
that a boulder of hard rook six feet in diameter would be reduced 
to sand or mud in four years.’ 

Kaibab Division. — The portion of the canyon most seen hy 
travelers is that which lies opposite Kaibab Plateau. It is not 
only the deepest (maximum 6,000 ft.) but, on the whole, the 
widest; a width of 10 to 15 miles is common. But this does not 
mean that there is any lack of steep, even vertical, faces, for the 
dissection of the slopes is very profound and highly intricate. 
If both sides sloped equally and uniformly toward the river, the 
descent would be but one foot in five or six. Such moderate 
slopes are Indeed rare because of the profound chasms and deep 
alcoves which fringe the main trench or give detail to its sides. 
Some of the upper beds are red and the wash from these has 
stained the very massive Mississippian limestone known as the 
Redwall, the most conspicuous cliff maker in the canyon. Most 
of the formations retreat in terraces with cliffs from a few feet 
to a hundred feet high, but the Redwall formation rarely fails 
to stand out in a huge cliff several hundred to a thousand feet 
high. From end to end of the canyon, dgsa^ng around lateral 
chasms, surrounding majestic alcoves, encircling residual moun- 

* For noteworthy Bgures see Nosle, L. F., U. S. Geol. Survey, Buli. 54^, 
pp. 23-25, 1914. 

’ Smith, G. E. P., Uoiv, of Ari*. Agr. Exper, Su. BuU. 95. p. 532, 1922. 
For amount available for power and irrigation, see La Rue, E. C., and 
Holbrook, Gborob, F., V. S. Geol. Survey, Wai. Svp. Pap. 556, Appendix 
A, 1925. 

» Dutton, C. E., V. S. Geol. Survey, M<m. 2, p. 243. For data on sus- 
pended matter In the Colorado River see Howabo, C. S., U. S. Geol. 
Survey, Wai. Sup. Pap. 636, pp. 16-^, 1929. 
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tains, the same richly colored wall may be traced to the limit of 
vision.^ 

The northern brink of the canyon is here much farther from 
the river than the southern. The excellent topographic sheets 
of the U. S. Geological Survey show a dissected strip on the north 
side of the river fully three times as wide as that on the south 
side, Two principles of wide application are here concerned. 
(1) The slope and drainage of the plateau on the north side are 
toward the river; those on the south side, from the river. (2) The 
much greater height of the Kaibab Plateau induces greater rain* 
fall, Both these factors give to the ravines on the north more 
water and more rapid growth. All such tributary valleys arc 



Ftn. 107.— BtcUon in toulh wnlJ of the Grand Canyon at Grand Canyon 
station . Arizona. *. Kaihah lira^tonc: r. Coconino aandatonr: •, Sui)aj forma- 
tion; f, Red wait iimaatone; t . Tonto rroup (Caabrian) ; u , Unkar ctoup (Alaon- 
kian) ; jr, cranita. (/. S. Sumy.) 

short and steep and generally dry. Shinumo Creek at the 
west side, one of two or three living streams, is 12 miles long and 
has a fall of 5,400 ft. or 450 ft. to the mile.* 

A highly significant feature in the Kaibab division is the 
Tonto Platform, a terrace about 3,000 ft below (he brink (Figs. 
107 and 108). It has a gently sloping surface with a maximum 
width of more than a mile. The canyon thus appears in cross- 
section to have a flat bottom of considerable width trenched by a 
steep-sided gorge. The substratum of (he Tonto Platform is the 
resistant Tapeats sandstone, the lowest Cambrian formation 
in this section. As seen In the table on page 293 this slrong 
formation U overlain by the Bright Angel shale, a weak formation 
easily stripped by erosion where the overlying Muav limestone 

‘The reader should It poeaiblo look up the dwriptioos of CspUin Dutton 
— U. 6. Qeol, Survey, Mon, 2, p. 145. 

* Noble. L. F., loc. of., p. 23. 
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ha^ been removed. With insufficient attention to these strati- 
graphic facts, the Tonto Platform has sometimes been regarded 
as evidence of two er<»ion cycles in the making f»f the present 
canyon (see page 292). 


MO- C»nyon ftt cnouth of Torowp ViJW. The kvcl of (I 

nlttUau » maint4ii.«3 by lh« K4ib«b »m«<Conc i.Zh^ erW is onu« 

? 7 -ndcflying •.nditoi.c c Tud hIZ 

BJiftk ihuB Unppjng tlw strong Mndstone bsdi of th« Knpaj format ioiiwhlc 
iimJcr i« the broad lorra« or Bsplanmdc. BHow that loval fhr rocks i 

Kanab Divisioa.-About at the place where the Kaifaa, 
Plateau g.ves way to the Kaoab, the canyon chanKoa its torn, 
.he Tonto Platform is at firet inlerrupfcd and (hen dmppeart 



292 Ftiy:>vooJ^AF//y of h o/^/tsd states 


At the same time another shelf comes into prominence some 2,000 
ft. higher. This is the Esplanade (Fig. 109). The valley above 
the Esplanade is about 2,000 ft. deep and five or more miles 
wide, limited by continuous walls, kept steep by a capping of 
Kaibab limestone. The rocky floor of this upper valley is not 
far from level. The inner gorge is steeper and simpler, more 
like the ordinary conception of a canyon than is any other part 
of the Grand Canyon, unless it be the Marble Gorge. Opposite 
Toroweap Valley the inner gorge is 3,000 ft. deep and only 3,500 
to 4,000 ft. wide at the top. Both inner and outer canyons in 
the Kanab division are therefore more steeply walled than any 
portion of the Kaibab division. They are also less dissected 
by lateral ravines because of the smaller rainfall on the lower 
plateau. 

The substratum of the Esplanade is the strong Supai sand* 
stone. This and all the lower formations are exposed in a 
series of vertical cliffs some of which are 600 ft. high. These 
are separated by talus^covered platforms so narrow that the 
entire descent of 3,000 ft. appears to be by an almost simple 
clif! with a slope of at least 60 deg. 

The cross-section of the canyon in the Kanab, as in the Kaibab 
division, is strikingly similar to that of a graded valley deeply 
trenched by reason of regional uplift and renewed erosion. 
This deceptive resemblance is all the more striking because the 
Toroweap Valley and several other dry canyons enter at the 
level of the Esplanade. It is not to be wondered at, therefore, 
that at one time the canyon was interpreted as the product of 
two erosion cycles. The Esplanade was seen as the downstream 
continuation of the Tonto Platform before exact surveys showed 
the two actually present in the same section, separated by a 
vertical interval of 2,000 ft. 

West of the Kanab the character of the canyon changes but 
little. It ends abruptly at the Grand Wash fault, where the 
level of the plateau drops from 6,000 ft. down to 2,000 ft. West 
of that the stream has unimpressive bluffs, at most a few hundred 
feet high. 

Relations of Fonn to Structure.— The interest which should 
attach to these varied forms is in large part lost, unless they are 
considered in the light of the structures which determined them. 
For this purpose a section of the formations traversed is here 
given. 
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Strata Es^osed in tsb Grand Canton' 


Formatton Age 

Kaibab limestone 

Coconino sandstone Permian. 

Hermit shale 

Supai formation Permian and Pennsylvanian. 

Redwall limestone Mississippian. 

Temple Butte limestone (loeal) I>evonian. 

Muav limestone 

Bright Angel shale Upper Cambrian. 

Ta peats sandstone 

BandstonCi limestone, shale, and igneous Algonkian. 

Vishnu schist Archean. 

• NOSVB. L P . u. & OkI. SuTfry. /W. Ul. p, 00. alto pt. XIX ; Mooaa, aATMONU 
C. U. & OMd' Survey. W 4 I. &&0, p. m. 


Some of the relatioiu between rock structure and valley 
form are here stated beginning with the Kanab division. The 
Kaibab limestone and the Coconino sandstone, which make the 
upper part of the wall of the outer canyon, are strong formations 
underlain by 550 ft. of weak Hermit shales. This relation results 
in sapping. The Supai is mainly a strong sandstone, flooring 
The Esplanade and making the brink of the inner canyon. All 
the beds exposed beneath it are strong as might bo inferred 
from the almost simple wall. The Tapeats sandstone in this 
section is below the river level, henoe there can be no Tonto 
platform. 

Passing upstream (east) to the Kaibab division, the weak 
Hermit shale becomes thinner and the overlying Coconino sand- 
stone thicker and stronger. The exceptional sapping of the upper 
wall therefore disappears. This alone would probably cause the 
absence of the Esplanade. At the same time the Redwall is 
sapped by the wasting of the Bright Angel shale which, in this 
section, is well above the river. The strong Tapeats sandstone 
is thus stripped, forming the Tonto Platform. It thus becomes 
clear why the Esplanade and the Tonto Platform are not weU 
developed in the same section, though in less typical form they 
do overlap, a fact not observed by those who have interpreted 
both as parts of a valley floor developed in a cycle which has 
since been interrupted.' 


* Noble, L. F., The Shinumo Qusdmngle. Grand Canyon Dietrict, 
AriAone, U. S. Geol. Survey, BvU. 649, pp. 21-22, IS 14. ^ 
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In the western part of the Kaibab division^ because of the 
structural uplift, the river cuts entirely through the Cambrian 
into the very strong Archean. Here the goi^ below the Tonto 
platform is very narrow and steep. In the eastern part of this 
division weaker AJgonkian rocks intervene beneath the Cambrian. 
The latter is sapped and the narrow inner gorge is absent. 

The East Kaibab monocline carries these softer rocks down 
beneath the level of the river. The Marble Gorge is therefore 
cut in the strong Red wall and associated hard strata. The 
features of the inner Kanab Gorge are therefore reproduced. 
Still farther upstream where the Echo Cliffs monocline carries 
the Carboniferous below stream level, the valley is necessarily 
crossed by the outcrop of the soft Triassic (see geologic map, 
Fig. 110^ page 300). Here, for a short distance near the mouth 
of the Paria (Lees Ferry) there is no canyon, but open monoclina) 
tributary valleys instead. Above this monocline, the valley 
is cut in the same Triassic and Jurassic sandstones which make 
the Vermilion and White Cliffs; the canyon walls are correspond- 
ingly steep and brilliant.’ 

Some of the forms shown in the canyon have been much relied 
on in the interpretation of its history. It is therefore highly 
important to note the close correspondence, here described, 
between geologic structure and topographic form. 

HIGH PLATEAUS OP UTAH 

Delimitation. — On many of the older maps the Wasatch Moun- 
tains are made to extend south by west almost to the southern 
border of Utah. Properly speaking, the range ends with Mount 
Nebo in lat. 39^45'. The vQlage of Nephi and the San Pete 
Valley Railroad mark their southern limit. South of that line 
are the High Plateaus. The western scarp of the plateaus is in 
line with the western slope of the mountains. The plateau strip 
is, however, somewhat broader than the Wasatch Range and it 
continues northward on the east side of the mountains. The 
High Plateaus section is arbitrarily limited on the north by a 
transverse valley 1,000 to 2,000 ft. deep, followed by the Denver 
and Bio Grande Railroad. The width of this section rang^ 
from about 30 miles at the north to nearly 160 miles in lat. 38^. 

» Davis, W. M.. An Excursion to the Province of Utoh and 

Arixona, Mus- CJomp. Zool. BrdL, vol. 42, p. 32, 1905; Ormort, H. E., and 
Moore, R. C., V. S. Geol. Surveys Prof. Pop. (in oressl. 
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Its total length is about 175 miles. Its altitude increases some- 
what from north to south, culminating in Aquarius Plateau, 
11,600 ft. high, in lat. 38^. On the west these plateaus overlook 
the Great Basin from a superior altitude of 3,000 to 5,000 ft., 
the descent being for the most part an escarpment. On the 
east the canyon lands of Utah are overlooked in the same way. 
From the brink of the precipices at the south end, the view 
extends beyond the Grand Canyon, 100 miles away. 

General Character. —These highlands are in the truest sense 
plateaus. The rocks which compose them are horizontal and 
they have broad undulating surfaces. To an observer at the 
same altitude they appear flat. The rims, however, are notched 
by erosion; therefore, to an observer looking up from the base 
they appear serrated; hence the older conception of a mountain 
range. 

The entire belt of the High Plateaus is again subdivided by 
two trenches of great depth into three longitudinal strips. Each 
of these stripe in turn consists of from two to four plateaus 
generally separated one from another by escarpments or valleys. ' 

The plateaus of the western strip named In order from north 
to south are Pavant, Tushar, and Markagunt; those of the central 
atrip arc Sevier and Paunsagunt; those of the eastern strip, 
Wasatch, Fish Lake, Awapa, and Aquarius. 

Sevier-San Pitch Valley.— The western one of the two longi- 
tudinal depressions is occupied for 125 miles in its southern 
part by the Sevier River flowing north by east. The northern 
part of the valley for 60 miles is occupied by the San Pitch 
River flowing south to join the Sevier. The combined stream 
then breaks through the western line of plateaus into the desert 
of the Great Basin. 

The chief cause of this continuous and nearly straight depres- 
sion is the great Sevier fault on its east side. This fault forms 
the western scarps of the Paunsagunt and Sevier Plateaus, 
with throw ranging from 800 to 3,000 ft. Farther north it 
crosses the valley and the throw is toward the east. Here it 
forms the west wall of the San Pitch Valley as far north as the 
Wasatch Mountains. The east wall of the valley at this place 
is formed by a gigantic monocline 7,000 ft. high, leading up to 
the flat top of the Wasatch Plateau. 

' Conault AtlM accompAnying V. 8. Oeol. Survey Mon. % Tereiarv 
History of the Grand Canyon E>istriet. 
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Near the junction of the two streams, the Sevier and the San 
Pitch, rhe Sevier Valley (s 8 miles wide at the base and 30 miles 
jrom summit to summit of the opposite slopes. In its native 
state it was a sage-brush desert. With increasing altitude, 
toward the south, there is good pasture. With irrigation this 
valley has become one of the most important in Utah. As 
early as 1880 Dutton spoke of it as the "granary of Utah." 
It has many villages and is traversed by a railroad for more than 
iOO miles. 

Grass Valley. — East of the Sevier Valley and almost parallel 
to it at a distance of 15 to 25 miles is Grass Valley. It is occupied 
in its southern part by the north-flowing East Fork and in its 
northern part by the south-flowing Otter Creek. This northern 
portion, and sometimes for convenience the entire depression, 
is known as Grass Valley. 

This valley is on one of the greatest known lines of displace* 
ment, In its central portion it is a great fault with down- 
throw to the west, its scarp forming the east wall of Grass Valley. 
Farther north it becomes the great 7,000-ft. monocline dividing 
the Wasatch Plateau from the San Pitch Valley to the west. 
In line with it to the south Is the East Paunsagunt fault. Here 
the Paunsagunt Plateau (the downthrown block on the west) 
rises high above the Paria Valley on the east, showing that the 
present east^facing scarp is due to erosion in a later cycle after 
the first topographic effects of faulting bad been obliterated' 
(page 324). 

Structural Features.— The western boundary of the province 
is itself in part determined by a great fault, parallel to those 
which have caused the longitudinal valleys. This is the north- 
ward extension of the Hurricane fault, best known in the Grand 
Canyon district (page 280). Its scarp bounds the Markagunt 
on the west where its maximum throw is 5,000 ft. Farther 
north it diminishes. On the west boundary of the Tushar, it 
dies out or is obscured by lava flows. 

The general plan of the High Plateaus Is therefore clear. 
They are broken into three strips or series by great faults (locally 
monoclines) trending nearly north and south. The throw 
of these faults (with few exceptions) is to the west. Each 
plateau, therefore, overlooks other plateaus to the west and 

* Moose, Raymond, C., peraoDal commuDication; see Gregory, H. E., 
aad Moobe, R. C., U. S. Geol. Survey. Pap. (in press). 



COLORADO RLATEAU rROV/.\'CE 


297 


elopes to the east. The slope of the surface agrees in direction 
with the dip of the beds which rarely exceeds 3 deg. 

Some of the plateaus are capped by lava flows which have 
at the same time increased their height and protected them from 
erosion. This cannot be regarded as an essential factor, however. 
While the highest of all, Aquarius, is lava covered^ much of (ho 
southern margin is not thus protected and the Wasatch Plateau, 
11,000 ft. high, has no lava at all. Whore not protected by lavu, 
the plateaus are maturely dissected into rounded hills often 500 
ft. or more in height, generally covered with open forest above the 
level of 9,000 or 10,000 ft. The lava-capped members are found 
in various stages of dissection. Their valleys are, in general, 
younger and more angular as befits the lesser age and greater 
strength of these rocks as compared with the Kocene sediments. 

Description of the Several Plateaus.' — The PavaM and Tushar 
on the west arc least typical of the group. The former is 
curious mixture of plateau and sierra,*' iu eastern side being 
tabular. The Tushar bears high mountains at its northern end 
where its rocks are also deformed, but farther south (he whole 
IS tabular. Here it averages 10,000 ft. high with ''ridges of 
erosion, covered with spruce and aspen and grassy parks." 

The Markagunt Plateau, (he southernmost and farthest west 
of all, 11,000 ft. at highest, is covered in the northern and greater 
part with lava. This portion is "rough with hills and rocky 
valleys." At the south end the surface is on (he Kocene, exposed 
at the edge in the great Pink Cliffs of which the "('edar Breaks" 
are a detail. In this southern part the surface is one of "rolling 
hills rarely exceeding 600 ft., . . . grassy slopes and scattered 
groves of pine." 

The Sevier Plateau, the most centrally located of all, is 70 
miles long and 10 to 20 miles wide, more than 10,000 ft. high, 
lava-covered, its "summit carved into rolling ridges and valleys, 
deepening eastward into canyons." This plateau overlooks 
Sevier Valley to the west from the top of a great escarpment of 
dark volcanic rock, at places more than a mile high. The East 
fork crosses It in a profound canyon from Grass Valley to join 
the Sevier. Presumably (he stream is antecedent but the extent 
to which these great faults are of the second generation is not 
accurately known. 

‘ Most of tbis deseription and all of the quotal ions are taken fmm Dutton 
"Gcobgy of the High IlateauB of Utah." 



298 PHYSIOdRAPIfY OF WBSTBRX UXITBl) STATES 


South of the Sevier Plateau and overlooking the deeply 
denuded and rugged border country to the south and east and 
the Sevier Valley to the west is the Paun^gunt Plateau. The 
view from the brink of the limiting precipice is made memorable 
by the classical description of Captain Dutton.* Eocene strata 
form the surface and are exposed io the great Pink Cliffs of which 
the justly famous Bryce Canyon, now a national monument, 
is a detail. 

The eastern strip begins at the north with the Waeaich Plateau, 
more than 11,000 ft. high, almost as high as the peaks of the 
Wasatch Mountains. It is 75 miles long, and generally lesf 
than 6 miles wide at the summit. Jt is capped by Eocene beds 
which break off at the east in the same Pink Cliffs already meu« 
tioned, whose westward retreat has all but consumed the Wasatch 
Plateau. On the west it descends 5,500 to 6,000 ft. to the San 
Pitch Valley in the great monocline mentioned on page 296. It 
has a rugged surface as might be expected from its exposure to 
rapid erosion. 

South of Wasatch Plateau and separated only by the narrow 
valley eroded by Salina Creek, is Fieh Lake Plateau, a narrow 
strip 12 miles by 2 with an altitude of 11,000 to 11,400 ft., forest* 
clad and included in a National forest. From its summit, the 
peaks of the Wasatch Mountains, 150 miles away, are plainly 
visible. 

Next to the south comes Awapa PlaUau, 2,000 ft. lower than 
Fish Lake Plateau but still rising 1,800 to 3,000 ft. above Grass 
Valley on the west. Despite its more than 9,000 ft. of altitude 
(at the western edge) this plateau of volcanic rock bears almost 
no trees but only sage brush and some grasses. It has no 
springs or running water; '^an endless succession of hiUs and 
valleys with stony soil; here and there a sharp canyon 400 to 
600 ft. deep." 

The eastern line of plateaus ends at the south in the Aquartue 
Plateau, 35 miles long by 10 to 18 miles wide and 10,500 to 
11,600 ft. high, the highest and most beautiful and interesting 
of all; a great lava-covered remnant bounded by lofty retreating 
cliffs throughout more than three-fourths of its circumference. 
The descent from its eastern rim is 5,500 to 6,000 ft. Looking 
up to this plateau from all sides, its nearly straight rim is seen 

I DtnroN, C. £., loc. rit., p. 253. 
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“like I lie threshold of another world." Its name* suggests at 
onee its character and the classical tastes of the man who first 
made this region known to science. Among all the plateaus, 
this alone was high enough to support glaciers in the Pleistocene 
period. The effect of these is seen in the numerous lakes which 
are still fed from melting snows. The abundant precipitation 
supports dense spruce forests which open here and (here in 
grassy parks. The view from its summit is vividly described 
by Captain Dutton.* 

ROCS TERRACES OP SOUTHERN UTAH 

General Description. — The descent from the southern end of 
the High Plateaus to the plateaus of the Grand Canyon district 
is by a series of great rock terraces with an aggregate height 
of 6,000 ft. (Fig. 102 page 279). The width of the terrace bell 
is generally 30 to 40 miles. For 100 miles east and west it is 
typically developed. Toward the east, as Colorado River is 
approached, the terrace belt widens greatly and loses its simple 
character. Throughout the entire length three cliffs are con* 
tinuous and, for a part of the distance, two others. The plat- 
forms leading out from the foot of one cliff to the brink of the 
next are generally not more than 10 miles wide. The heights of 
the several cliffs range from a few hundred to two thousand feet. 
Far from being straight, their edges are indented by branching 
canyons, large and small, notched by reentrant angles, serrated 
by great promontories, and attended by island-like outliers. 
This carving of the margin is important in determining the rate 
of cliff recession. 

The drainage of the great terraces is southward toward the 
Colorado. Only the Virgin River at the west is perennial 
throughout its course; the Paris in the east, and (he Kanab in 
the center are “interrupted"; all others carry water only in 
floods, some of them at long intervals. Numerous dry canyons 
dissect nil the terraces. The major streams flow in a series of 
canyons, cutting deep into the southern edge of each terrace 
and emerging upon the surface again at the foot o' each 
great escarpment. 

‘ Aquarius wm the water bearer of Roman mythology. His name is 
^ven to the eleventh sign of the Zodiac. Among other classical names note 
Tanialug Cretk flowing east from thb plateau. 

' Geology of the High Plateaus of Utah, p. 2«6. 
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These groat rock terraces give evidence at the same time of 
ret roat to the north and of a former southward extension. Of the 
10,000 ft. of strata now exposed in them at least 5,000 ft. covered 
the wide plateaus on both sides of the Grand Canyon. Mean- 
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artiiifraa 


FiQ. 110. — C^Dcr»li»ed geoiopc map of the Colorado Plateau province. 


time the cliffs continue their northward retreat and the High 
Plateaus are wasting away. 

It is not to be understood that the wasting and retreat of these 
cliffs goes on everywhere at the same rate; or that the retreat 
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already accomplished has been maioly sioce the last great 
uplift. Parts of those cliffs have been greatly freshened since 
that uplift rejuvenated the streams and inaugurated the "canyon 
cycle." It is within the basins of such rejuvenated streams 
that wasting is rapid, giving rise to such-spectacular features 
ns Bryce and Zion Canyons and the Vermilion Cliffs near the 
Marble Gorge. However, this difference among localities in 
the rate of wasting should not obscure the major fact that the 
present position of such escarpments represents only one tran- 
sient stage in the great process of denudation (consult geological 
map, Fig. IJO). 

The Pink Cliffs. — The highest In order of the groat cliff series 
are the Pink Cliffs of the lower Eocene. Those begin at the 
brink of the High Plateaus. They present precipices 8(K) ft. 
high around the Paunsagunt and are especially high and imposing 
on the southern promontories of the Aquarius Plateau. Weather- 
ing along vertical joints has at places carved the wall into the 
likeness of a colonnade. Bryce Canyon in the edge of the Paun- 
aagunt Plateau and the Cedar Breaks id the edge of the Marka* 
gunt are the most celebrated localities of intricate dissection. 

Cretaceous Slope and KaJparowits Plateau.— Beneath the 
Eocene, the Cretaceous consists of 4,000 to 5,000 ft. of pale 
yellow and brownish sandstones with shales of various grays. 
West of the 112th meridian this system does not generally make 
cliffs. The descent across its great thickness is by a rough 
eloping belt, 4 to 10 miles wide; "roiling ridges of yellow sand- 
stone, long sloping hillsides and rocky promontories clad with 
large pines and spruces."^ 

At the II 2th meridian, Paria River flows south to join the 
Colorado. The headwaters of this stream have pushed back 
the great cliffs to the north in a gigantic amphitheater 20 miles 
in diameter. Within this amphitheater and farther east, the 
Cretaceous beds make a stairlike succession of cliffs aggregating 
4,000 ft. in height. At their summit a platform reaches back to 
the foot of the Pink Cliffs. This Cretaceous platform extends 
southeastward in a great peninsula to the Colorado River. 
This extension is the KaiparowiU Plateau, 60 miles long by 30 
to 40 miles wide, between two southeast-flowing tributaries of 
the Colorado, the Paria River on the west and the Escalante 

‘ DuTTOK. C. E., Joe. CTf., p. ai. 
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on the cast . * Its arid surface more than 7,000 ft. high is dissected 
by complicated systems of dry canyons which almost prohibit 
crossing. It is surrounded on three sides by the Cretaceous 
cliffs which appear in the Paria amphitheater. The unbroken cM 
on the northeast side overlooking Escalante Valley is practically 
unscalable for a distance of more than 50 miles. 

The White Cliffs. — At the foot of the Cretaceous slope and 
west of the Kaiparowits Plateau, is a drop of 1,000 ft. over the 
White Cliffs in which are exposed the edges of the Jurassic sand- 
stone. This sandstone, 1,000 ft. thick and white at the west, 
is reinforced at the east by 300 to 500 ft. of red sandstone above. 
The white sandstone is a single stratum, marvelously cross- 
bed dcd.^ On this structure differential weathering and wasting 
has carved filigree tracery as beautiful as frost work.” 

The Vermilion Cliffs. — At the foot of the White Cliffs begins 
the rolling and canyon-cut platform which slopes south 5 to 10 
miles to the brink of the Vermilion Cliffs. In these cliffs, 
appropriately named by Major Powell, from 1,400 to 2,000 
ft. of Triasslo or Jurassic beds are exposed in a series of ledges 
separated by steep slopes. The rocks are mainly sandstones 
of a rich red color. Near the base are shales of the same color 
which aid in sapping the cliffs. Most of tbs sandstones arc 
closely and distinctly bedded, but at the top is a massive bed 
200 ft. thick at the east, gradually increasing to 1,200 ft. at the 
west end m the valley of the Virgin River. The whole thickness 
is affected by vertical joints which weathering has followed in 
such a manner as to carve great columns and buttresses. The 
distinct and close bedding of the central mass gives the abundant 
detail of alternating ledge and slope; the weakness of the shales 
near the base and the strength of the sandstone above combine 
their effects to maintain the steepness of the cliff. Dutton 
found this line of cliffs second only to the Grand Canyon in beauty 
and grandeur. Throughout more than 100 miles the Vermilion 
Cliffs present to the southward a majestic front richly sculptured 
and blazing with gorgeous colors.”* As in most mountain views, 

' The Kaiparowits Plateau is shown on the geologic map as an extension 
of the Cretaceous system, surrounded by Jura-Trias. , 

» Excellent views of this and other features of the Grand Canyon district 
are published by W. M. Davis with bis paper, An Excureion to the Plateau 
Province of Utah and Arisona, Mus. Comp. Zool. Buff., vol. 42, 1903. 

> Dutton, C. E., foe. ctt., p- 40. 
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especially in the desert or where color is an important element, 
the cliffs vary greatly in impressiveness according to the hour 
of day and the state of the weather. 

East of long- 112® the Vermilion Cliffs make a southward 
detour into Arizona. The platform at their summit is thus 
broadened into the Paria Plateau ‘ between 6,000 and 7,000 ft. 
high. This is distinctly lower than the Kaibab Plateau to the 
west from which it is separated by Houserock Valley, following 
the great East Kaibab monocline. It is this monocline that 
makes possible the preservation of Triassic and Jurassic rocks on 
the east by dropping them to a level at which they escaped cro> 
sion. The desert surface of the Paria Plateau is “scored with a 
labyrinth of dry canyons,’* tributary to the Paria and the 
Colorado. 

Chocolate Cliffs.— Locally there is yet another terrace and 
cliff south of the Vermilion line before the broad plateau is 
reached in which the Grand Canyon is cut. These local cliffs, 
400 to 1,000 ft. high, have sometimes been called the Chocolate 
Cliffs, though the word scarcely expresses the richness of their 
coloring. The rocks exposed In thw cliffs arc of Triassic age 
mainly the Moenkopi formation of weak sandstone and shale. 
The steepness of the cliff is due to a capping of strong Shinarump 
Conglomerate 40 to 100 ft. thick. The position of these cliffs is 
indicated on the geologic map by the edge of the Triaasic. At 
places the Vermilion Cliffs lie a few miles to the north; elsewhere 
the two lines of cliffs may merge. 

Relation of the Great Cliffs to Geologic Structure.— The 
aggregate thickness of all formations cut across in these great 
rock tei races is about 10,000 ft.,* yet the summit of the Marka- 
gunt Plateau is only about 6,000 ft. above the desert at the foot 
of the Chocolate Cliffs. The maximum cliff heights named 
above, if added, would exceed 6,000 ft. The discrepancy results 
from the northerly dip of the strata, generally more than one foot 
in 100. If all the platforms intervening between cliff and cliff 
were free from talus, each would slope north to the foot of the 
next cliff. This is true of some of the terraces and especially 
of the great arid plateau south of the Chocolate Cliffs. 

'This pUt4‘*»u ia ahowii oo the WUlia ^eologicai maj» of North Ameri<*r. 
as an area of Jura^Tnaa jiui south of the UUh.AfiM.na houndan- between 
(ho Colorado River aod the U2th meridian. 

• Dutton, C. E., Mjc- eU., p. 47. 



304 FHysIOORAPHY OF WBSTERl^ UNITSD STATES 


UINTA BASIN SECTION 

Structural Relations. — It has been pointed out (page 277) 
that the most uplifted portions of the Colorado Plateau are also 
the most deeply denuded and that those parts which, like the 
High Plateaus of Utah, now rise highest are in the synclines or 
structural depressions. The northern mai^n of the province 
is characterized by such a structural depression just south of 
the Uinta Mountains. Corresponding to this depression there 



Fl<3. lU. — Book Cliffi n«tr PtliMdo. Colorado, on t)i« Colorado River 
out of Grand Junction look ins north. The plnUtu tbove the eecerpmont li 
the edze of the Uint* Bnein eection. The vnUey of the Colorado et the foot of 
thii eecerpment ia eeveral mUee vide *t (hie TbU ii one of (be vide 

fertile valley a mentioned on pnc« SOSaeexoepiioDnl feature* of the Canyon Land 
eectioD. (U. 3 . Ueof. Sarvey.) 


is a broad east-west strip of higher plateau which rises sharply 
above the denuded country to the south. It appears on the 
geologic map as a strip of Eocene sediments continuous with 
that of the High Plateaus and bordered on the south by older 
rocks. The Pink Cliffs of the Eocene in the High Plateaus turn 
east just below the 40th parallel and become the Roan Cliffs 
facing southward. There is no name in common use to designate 
the entire plateau north of these cliffs, but the term Uinta Basin 
b applied by geologists to more than its western half and the 
entire Eocene plateau may be called the Uinta Basin section. 
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The descent of 3,000 ft. from the Eocene plateau on the north 
to the general level of eastern Utah on the south, is made in two 
steps, the upper one of which is the Roan Cliffs. A few miles 
farther south the Book Cliffs^ cross the edges of the coal- 
bearing beds of the Cretaceous. Eastward in Colorado the two 
lines of cliffs are poorly distinguished and the names Roan and 
Book are used interchangeably. 

The plateau of which these cliffs are the southernmost edge 
slopes north in agreement with the dip of the rocks. Its high 
cuesta-like southern margin Is known as the Tavaputa Plateau, 
divided into an east and a west member by the Green River 
which crosses it in a 3,000-ft. gorge known as Desolation Canyon. 
Throughout its leDg:th this plateau exceeds 8,000 ft. in height 
and much of it is over 9,000 ft. The northward dip and slope 
continue almost to the foothills of the Uintas where the beds 
again turn up. The wide open trough thus formed is drained 
by two tributaries of the Green River, the White on the east and 
the Du chesne (with its branch the Uinta) on the west. I.>argc 
areas near these streams are below 6,000 ft. in altitude and some 
below 5,000 ft. 

Topography. — Most of the section here described is a di'eply 
dissected plateau, difficult to cross and but little known. Bad- 
lands occupy considerable areas cs|>ecially in the basins of the 
White and Ashley Rivers. The crest of the Tavaputs alone 
remains fairly entire, not yet being notched to great depths by 
the headwaters of streams flowing down its slopes. East of the 
Green River this crest is followed by a long-established Indian 
trail, to the south of which sharp ravines descend the escarpment, 
while to the north many parallel streams separated by even- 
topped ridges descend in deep valleys to the White River.* 

The Colorado River crosses this section near its eastern end 
cutting off an area some 40 miles in diameter in which are pre- 
served fragments of a lofty lava cap forming Grand Mesa and 
Battlement Mesa. North and west of the Colorado, there is 
also an area of similar sise called the Book Plateau, which is 
almost detached from the main body. Both these areas arc 

‘So named by Captain J. W. Gunnbon who traversed this country to 
<]etenn)ne possible routes for the Union Pacific Railroad. 

‘ Hoe dwrription by Ekdlich, F. N., “Hayden Survey,” lOlh Ann. Rent 
pp. 67-68, 1876. ‘ * 
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dissected by radial streams leaving relatively narrow patches of 
uncut plateau between headwaters.^ 

Resources. — On the lower lands near the larger streams are 
some hundreds of square miles of good agricultural land, with 
a favorable climate and abundant water for irrigation.* Higher 
up, many of the slopes are too steep and the climate too severe 
for agriculture, but grass increases with altitude and grasing 
will no doubt flourish. Forests of pine .ire also important. Coal 
is found in the Book Cliffs throughout their length. The largest 
volume of oil shale known in the United States is in the Uinta 
Basin. 


CANYON LANDS OP UTAH 

General Character and Limits.— Next in geographical order 
comes a great area known as the '^Canyon Lands'' in south- 
eastern Utah and southwestern Colorado, bordered on the west 
by the High Plateaus, and on the north by the Book Cliffs, 
reaching to the Rocky Mountains on the east and merging on 
the south with the deserts surrounding the Hop! and Navajo 
Indian Reservations. Canyons characterise the whole Colorado 
Plateau and the greatest of them is not in this area. Neverthe- 
less the name Canyon Lands belongs to this section by pr^ 
enuDOQce. The Colorado flows through its middle portion in a 
deep, ragged canyon with many beautiful entrenched meanders, 
receiving tributaries in similar canyons, hundreds, sometimes 
thousands of feet in depth, each of which has its tributaries. 
In its most dissected parts, occurring mmnJy near the Colorado 
River or between it and the High Plateaus, the origiiial plateau 
surface is left standing only in wandering ridges and irregular 
remnants. The cUmate, especially in its western and southern 
parts, is very arid, springs are rare, the streams are few, muddy 
and warm, the vegetation mainly sage and cactus with juniper 
and pinyon trees where the altitude is sufficient. The country 
is extremely difficult to cross without a knowledge of its few 
highways. 

No other equally large plateau area in the United btatw 
has the ruggedness of these Canyon Lands. It “ ^ ^ 

expected, however, that a region so characterised should be 

* ThcM areas are best ideotiSed on the topopaphic and geologic maps cf 

Colorado. . _ 

• POWBI.L, J. W., "Landfl of the Arid R^d, 18/9. 
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everywhere uniformly rugged or that it should be sharply 
delimited from less dissect parts of the province. North- 
eastern Arizona has similar rocks, structure, and climate and it 
may at first seem strange that it is not so deeply eroded. The 
reason for the greater dissection of southeastern Utah is found 
largely in the eminences which border it on three sides. These 
provoke a larger rainfall and feed the main streams which thus 
become perennial. Such are the San Juan, Dolores, and Colo- 
rado from the Rocky Mountains, the Green from the Tavaputs 
and Uintas, and the Price, San Rafael, Fremont, and Escalante 
from the High Plateaus. A few deep canyons like these, well 
distributed through the area, lower the local base level of all 
minor streams and make profound and intricate dissection 
possible. 

Margin in Western Colorado. — On the eastern margin of the 
Canyon Lands, the Colorado, Gunnison, and Uncompahgrc 
Rivers have eroded relatively broad valleys in the less resistant 
Cretaceous rocks. This margin is not typical of the section 
but cannot well be separated in the discussion. Deriving their 
perennial flow from high mountains, these streams not only have 
larger valleys than do the streams of the same length wholly 
within the plateau, but afford the necessary water for irrigation. 

The master valley of western Colorado is a great trough 
marked by the course of the Uncompahgre and its continuation 
in the Gunnison and Lower Colorado Rivers.^ Generally (he 
width of this valley ranges from 10 to 20 miles. In its north- 
westerly course to Delta, Colorado (lat. 38^40'), it follows a 
syncline between two parallel swells of the plateau structure. 
These swells determine the Mesa Inclinado on the east and the 
Uncompahgre Plateau on the west. Northwest of Delta it 
becomes a monoclinal valley, following the strike of strata which 
dip northeast from the Uncompahgre uplift toward the Grand 
Mesa, a part of the Uinta Basin section. This character is 
strikingly shown between Delta and Grand Junction (the mouth 
of the Gunnison) where, for some distance, the lowest axis of 
the wide vaUey lies on the outcrop of soft shales a few miles 
east of the river, while the river itself is entrenched in a fine 
SOO-ft. canyon on the flank of the Uncompahgre uplift and 

' Thla may be wen on the 3-eheet contour map of the United States, or, 
better still, on the contour DUp of Colorado issued by the GeolosicaJ Survey 
of that state. 
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separated from the wide open valley by a cnesta of strong 
sandstone.' 

Along the eastern margin of the section, the Uncompahgre, 
Gunnison, and Colorado Rivers generally have flood plains. 
At places these are fertile and may reach a mile in width, or 
several miles where rivers unite as at Grand Junction. Above 
this are sloping terraces, some with deep fertile soil already 
farmed, some with equally good soil still bearing sage brush, 
others covered with gravel or barren adobe, and still others 
white with alkali. 

The relatively small areas lying above 7,000 or 8,000 ft. are 
more favored than the lower Canyon Lands. The Uncompahgre 
Plateau in western Colorado is a long structural uplift with a 
summit level approaching 10,000 ft.^ Gannett thus describes 
its higher levels: 


Nowhere is the influence of elovation on the character of the vege- 
tation more plainly marked. In the interior, near the crest, the land 
is, to the Utea, one flowing with milk and honey. Here are fine streaine 
of clear cold water, beautiful aspen groves, the best of grass in the 
greatest abundance, and a profusion of wild fruit and berries, while the 
country is a perfect flower garden. This extends as low as 7,000 ft., 
below which the scene changes to one In all respects the reverse. 


Mesa Verde.— In the partial stripping of an arid plateau 
whose rocks are of unequal strength and not far from horizontal 
the retreating escarpment U as common as the canyon wall. 
Mesas result, either isolated or abutting terrace-like against 
still Higher ground. Where beds dip slightly, cuestas take the 
place of mesas. Mesa Verde, in southwestern Colorado, really a 
cuesta, is of more than usual interest, partly physiographic and 
partly archeological. It is the northwestern edge of a great 
coal-bearing sandstone formation which dips beneath the Sw 
Juan Basin of New Mexico (see page 314). It rises to 8,000 ft. 
and is covered with cedar and pinyon. The escarpment on the 
north is 2,000 ft. h^h, overlooking the lower plateau, and and 
desolate except for several irrigated valleys. The ramifying 


. See Gaunbt, Hsmrt, '‘Hayden Survey/* Sth Ann, ^24, 18^4. 

1 The Uncompahgre Plateau is easily identified on th^. S- 
es the ridge whose northwest end is within the bend of Colors^ TUytr n 
tne Colo«do-l*Uh line, and which trends southeast between Gunnison and 

^)olores Rivera. 
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canyon of Mancos River, nearly 2,000 ft. deep, skirts it on the 
south. 

A massive sandstone preserves the remnants of a south^loping 
plain, but the many parallel canyons leading south to the Mancos 
have left the original plateau only a hollow shell,” like a ” worm* 
eaten log.”^ The still almost unbroken crest at the northern 
edge of this plateau, reached but not yet seriously indented by 
ravine heads on the south, is similar to that of the Tavaputs 
Plateaus. 

This small upland (some two or three hundred square miles) 
is of great interest because of the remains of cliff dwellings in 
the canyon walls, especially in the alcoves at their heads. This is 
one of the many localities on the ('olorado Plateau whose archeo* 
logical remains show *Hat inaccessibility was the prime requisite 
of a home among many Indian tribes of the southwest. It is 
not improbable that the rainfall was formerly greater. Water 
is now so scarce on this mesa that it would have to be carried 
long distances to these habitations. It does not seem probable 
that Indians who adopted such homes for fear of enemies, would 
Cake the risks involved in such remoteness from water. Never- 
theless, the common assumption of a once greater rainfall is 
disputed. It is pointed out by H. E. Gregory that (1) water was 
collected in tanks or cisterns; (2) the Hopi Indians even at the 
present time are skillful in finding water beneath the dry sand 
washes; (3) such water was carried long distances and conserved, 
as shown by the fact that water jars and large containers wero 
among the principal objects of Indian art; and (4) the use of 
water was reduced to a minimum, 

The “Great Sage Plain.*'— A few large districts of the Canyon 
Lands show sufficient unity of character to justify separate 
description . One of these i n sout heastern Utah and south west ern 
Colorado is known as the “Great Sage Plain.” The name is 
highly fitting if allowance be made for occasional canyons, 
hundreds of feet deep. In such distant views as may be had 
from Abajo, Ute, or other mountains, one sees a remarkably 
level and monotonous expanse of aage^jovered plain. Even the 
canyons escape notice unless It be in the immediate fcrreground. 
The substructure of this wide flat is the strong Dakota sandstone 

• NKWW.L. K. H.. Net. Gtogr. Mag,, vol. IX, 1808; alw Arwooi.. 
W.W., A Gwgmphir Study of the Mesa Verde, Assoc. Amer. Goocr 
vol. I, Itill. * 
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from which most of the higher and weaker Cretaceous beds have 
been stripped. This description applies to an area limited on the 
south by the San Juan River and the Mesa Verde, on the east 
by the San Juan Mountains and on the west by Butler Wash, a 
monoclinal valley in long. 109®40'. On the north the plain 
approaches the La Sal Mountains and the Dolores River. 

The Dakota sandstone is a poor soil maker and the Great 
Sage Plain is mostly barren, but locally, as near the Abajo 
Mountains, the overlying Mancos shale has not been wholly 
carried away. There remains a faintly rolling topography and a 
fertile soil, irrigated around Blanding by water from the Abajo 
Mountains. 

Monument Uplift — Another important unit, just west of the 
Great Sage Plain, is 100 miles long from north to south and 40 
to 50 miles wide. Structurally this large area of horisontal 
rocks is raised several thousand feel, being almost surrounded by 
outward-dipping mo newlines. In large part the upraised block 
has been stripped of its Mesozoic strata. No one formation now 
forms the surface everywhere but for dozens of miles near the 
middle of the area the surface on the Coconino (Permian) sand- 
stone bears the appearance of a stripped plain scored by canyons 
not closely spaced. This is the “Grand Flat.“ South of the 
San Juan, stripping is less complete. The landscape is charac- 
terized by great steep-sided mesas and buttes of red Triassic 
rocks. These are the “monuments” that give name to the 
district. Again, north of the middle, Triaasic rocks span the 
uplift in a great east- west causeway 15 to 20 miles wide and more 
than 1,000 ft. above the general level, or 8,000 ft. above the sea. 
The higher part of this is Elk Ridge. The entire uplift may be 
identified on the geologic map, Fig. 110, page 300. 

This Monument uplift is almost surrounded by inward facing 
cliffs. Comb Ridge monocline on the east is one of the m<^ 
remarkable monoclines of the province. It is marked for 1 
miles by the serrated Comb Ridge formed by the Navajo- Win- 
gate (Jurassic) sandstone. Only locally does this crest rise above 
the plateaus on either side but it lies between deep and con- 
tinuous monoclinal valleys. 

Economically, the lower parts of the Monument uplift are. 
at best, but moderate pasture land. Elk Ridge has forests o 
pine and excellent pasture. Intermediate levels including the 
Grand Flat have thickeU of pinyon and juniper. 
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Local Uplifts. — Within the great area of the Canyon Lands 
are a number of volcanic and orographic features in which the 
country deviates from a typical plateau character. The Henrj’ 
Mountains west of the Colorado River and south of the Fremont 
are a group of laccoliths, ‘ rising 4,000 ft. above the plateau sur- 
face. Of similar character are the La Sal and Abajo Mountains 
cast of the (’dorado River, Ute Peak near Mesa \'erdc, and the 
Carriso Mountains in the northeast corner of Arise na. Navajo 
Mountain near the ('dorado River on the Ulah-Arisona boundary 
is a laccolith of special interest because it is so young that (he 
sedimentary covering of the igneous rocks is still entire. Viewed 
from a distance it is described by Dutton* as a segment of a 
sphere cut off at 70 deg., but this description is not applicable 
from all sides. 


These laccoliths may occur singly, as in the example just 
given, or a single mountain group may contain many laccoliths. 
They may be almost uneroded like Navajo Mountain, or, as 
in the Henry Mountains, the intruded igneous rock may now be 
exposed in the crest while the former sedimentary cover appears 
only in hogbacks or in farK>ff cucstas. 


Mild aexures and warpings are common in the Canyon Lands 
as in other sections of the Colorado Plateau. The largest feature 
of this kind is San Rafael Swell between the San Rafael and 
Fremont Rivers. It is a mild doming of the strata the upper 
ones of which have been truncated, producing inward-facing 
escarpments similar to the great rock terraces of southern Utah. 
Of equal interest, although smaller, is the elliptical uplift farther 
south, bounded on the east by the Water Pocket flexure and 
descending westward beneath the Kaiparowits Plateau. In its 
central portion the older and now denuded strata rise in a much 
eroded dome, rimmed in by the "Circle Cliffs" about 1 000 ft 
high, the outcropping and retreating edges of the younger beds 
which once covered all. The erosion of still higher strata has 
gone they now form concentric cliffs and cuestas farther 

back. The whole is a rather desolate waste of varicolored rocks 
G. K, G^logy of the Henry MounUini, U. 8. Geogr. and Cool. 

A MounUin Region. 1880. In thia memorable volume 

the word l<ucolU4 (amee changed to loccciitk) wma firat used The reoort 
dj«ufla« varwua phyaiographic prooeeeea which had been litUe diacu^d 
at the tune but which are now treated in lentbooks. a««esca 

• Geology of the High Plateauaof Utah ” o 2fiO n ft a n 

Survey of tlie Rocky Mountain Regioa im ' ^ 
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exposed in scalloped cliffs and deeply scored platforms. All these 
structural features are wholly ignored by the major lines of 
drainage while their tributaries follow courses in obvious con« 
formity with the structure (see page 320). 

KAVAJO SECTION 

General Description. — A vast region in northeastern Arizona 
and northwestern New Mexico is here designated the Navajo 
section from the name of an Indian reservation which has thus 
far been its chief economic use. It is mainly a country of sand- 
stone with lesser amounts of shale. As the beds are generally 
not quite horizontal and have been subject to great erosion in 
an arid climate, the mesa, cuesta, rock terrace, retreating escarp- 
ment, canyon^ and dry wash are the distinctive features of the 
landscape. In some parts volcanic necks and buttes are abund- 
ant. Altitudes are for the most part between 5,000 and 7,000 
ft., with considerable areas outside of both limits. No stream 
except the San Juan receives water from outside the area. Rain- 
fall is only moderate even in the higher parts and probably as low 
as three inches in parts of the Painted Desert on the west. Hence 
the volume of flowing water is too small to cut great canyons as 
in the section to the north. None the less, the canyon is the 
dominant type of valley and no large area is without them, most 
of them carrying water only after rains. Gregory* calls attention 
to the enormous accumulations of coarse alluvium always waiting 
to be forwarded by the occasional floods. At the same time, 
despite the prevalence of cliffs, talus slopes are rare, as in the 
Sonoran Desert to the south. 

As in other parts of the Southwest, pinyon and juniper are 
almost the only trees on the mesas and slopes below 7,000 ft. 
Near the upper limit they are at places abundant, elsewhere 
scattered, and the greater part of the area bears only sage brush 
and bunch grass and their associates. Even these give way at 
places to blown sand or bare rocks. The mountains and mesas, of 
limited extent above 7,000 ft., are in part covered with yellow 

pine. . . 

Structurally, this large area consists of two synclinal basiM 
separated by the east-dippii^ Defiance monocline which trends 
Dorth-south near the state boundary (Fig. 113). On this trun- 

• u. S. G«ol. Survey, Prcf. Pap. 63, p. 12. 
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cated monocline rests a remnant of horisontal Eocene sediments 
making the so-called “Chuska Mountains,” a narrow strip of 
forested upland trending east of south, having considerable areas 
above 8,000 ft. and exceptional mesas 1,000 ft. higher. 

East of the Defiance monocline is the deeper of the two struc- 
tural depressions, the Upper San Juan Basin. All around its 
edges the late C retaceous coal-bearing rocks (Mesa Verde series) 
come to the surface from beneath the deep cover of younger 
rocks in the center. This coal is an important resource and is 
being mined, especially at Gallup, New Mexico, on the south; 
and Durango, Colorado, on the north. 

Black Mesa. — The western one of the two basins Is much less 
depressed and barely preserves in its highest central part the beds 



I'lO. section it«roM t>«ftftnrQ monocline end Cbueka 

MounUnie. Pcet«CreUeeoga warplni inft<lo the upper Sen Juen Bwin on the 
cut and the DeSance Plateau on the wcet. The area waa approximately pane- 
planed before the Tertiary beda were depoaited. The aandatone and ehalc 
beda (Eocena?) which conatitute the Chueka Mounlaina are apparently a 
remnant of a once contlnuoua aheet extending north to the Uinta BaeJn and wNt 
io the High Plateaus of Utah. (A/Irr Ort^ery.) 

that appear at the rim of the eastern basin and are deeply buried 
at the center. The central portion of this western or Navajo 
Basin is topographically the highest. This is the Black Mesa, 
a dissected or dissecting plate of sandstone 60 miles in diameter 
with outfacing cliffs on all sides. On the north and east these 
are almost continuous and 1,200 to 2,000 ft. high. The plateau 
edge is here 8,000 ft. above the sea and forms an important 
divide. The slope and direction of streams is toward the south- 
west. On that side the escarpment is not only lower but scalloped 
by erosion. 

As in some other high parts of the Navajo section there arc 
on the Black Mesa wide shallow valleys, generally being trenched 
by small canyons. The higher parts are forested. The nomadic 
Navajo Indians raise sheep and do some farming but this mesa is 
noteworthy on account of the agricultural and conservative 
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Hopi tribe. This tribe has skillfully adjusted its agriculture to 
the severe conditions of the desert but compromises slowly with 
civilisation. Its 2,300 members live mainiy in a few villages 
on the more or less isolated mesas of the ragged southern edge. 

Borders of the Navajo Basin.— On all sides of the Black 
Mesa the surface is lower, the drainage being to the San Juan on 
the north, the Little Colorado on the west, and the Puerco on 
the south. A characteristic feature on the south is the “wash,” 



I'ici. \ I4-— U^d oJ (h4 Furreo Rivw mi Smvw Siding, cuimi Arijono. Tbii 
ilroom nmrVi (he •outhern bounettry ot (bo Navjgo •ootion. It U a tvoical 
oa u aoio« pl.lMu. Tho only valloy It hmm ta the ohAnnol 
between lU Imnka. lha dowri • Uw feet mwmy ii unnffeeted. CenoraUy there 

!l'ik 7 "u min# of (he Wid region may fiU the chunnel 

to the hnnk. W- if. 0«of. Svmy.) 


a flat sand-floored valley one to five miles wide, sometimes 
trenched by a vertical-walled channel and generally dry. The 
exceptional development of these washes on this side is due in 
part to the fact that the Black Mesa drains to the southwest and 
in part to the large amount of sediment furnished by iU sand- 
stone beds, washed by the greatest rainfall in the Navajo section 
In (his surrounding country the canyons are generally of 
moderate depth, and the dissection is not intricate.' However 
' This entire arte ia divided into am.lkr units sepsrstclv described by 
H- E. Gregory m U. 8, Geol. Survey. Wat. Sap. Pap. 380, 1916. His divi- 
s^ons ore shown m Fig. 112 , abovt Bee ate U. 8. Geol. Survey. Prof. 
r«p. 93, by th« Mm« author. ^ ^ 
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the Sftn Juan River on the north (west of Goodricige) and the 
C‘olorado on the northwest run in canyons 1,500 to 2,o00 ft. deep. 
These canyons offer a relatively low local base level and dissection 
is correspondingly favored, A strip south of the San Juan is 
therefore included in the Canyon Lands section. This includes 
the Rainbow Plateau which spans the Utah-Arizona line below 
the mouth of the San Juan River. It is in this extremely rugged 
district that Navajo Mountain is situated. 

Painted Besert. — On the west» before the Colorado and Little 
Colorado Rivers are reached, the structural basin is limited by an 



Fio. ll5.^Effect0 of «’ind oroeion in the Nftvalo oection. The locality here 
pictured ie on (he Kalhito Plaleeu an'd therefore eMt of Echo ClifTt, but eimilar 
ecenes ere found in the Painted Desert weet of Echo CUtfa. Intcrvpened with 
•uch nind-iwept areaa are eand dune*, (^repory. V. S. Geof. Svrfey.) 

upturned rim, the Echo Cliffs monocline. East of this line the 
rocks at the surface are Triassic and Jurassic, by no means lacking 
in bright colors but relatively unfamed in this respect because 
of the startling display of r^, yellow, chocolate, and white in 
the Triassic rocks to the west. This is the "Painted Desert," 
extending from the 35th parallel to X^ees Ferry where the Echo 
Cliffs monocline crosses the Colorado. Because of ita lower 
altitude the valley of the little Colorado is the driest place in 
northern Arizona, the average annual rainfall being locally as 
small as three inches. The country is not all bare rocks and 
drifting sand but these are characteristic features (Fig. 115). 
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Habitation. — The Navajo section aa a whole {about 35,000 
square miles), has about one inhabit ant per square mile, mainly 
Indians who lead a nomad life, farming some but depending 
more on sheep than on any other animal or crop. Mormons 
settled in a few of the favored spots, notably at Tuba.' The 
farms here have been bought by the Umted States Government 
and worked as an experiment station for the benefit of the 
Indians. 


DAm SECTION 

The southeastern part of the Colorado Plateau is a region of 
diverse features among which those of volcanic origin aixi fore- 
most. It would be difficult to make any other general statements 
concerning this region except those already made for the entire 
province. Some of its details, however, arc abundantly worth 
consideration as among the best illustrations of their kind and 
illustrating principles of wide application in western United 
States. 

Zuni Uplift. — The most prominent feature of this region is the 
so-called “Zuni Plateau/' an elongated dome like the Black Hills 
but smaller and less accentuated. Similar features elsewhere arc 
called “swells,” particularly the San Rafael Swell in the C'anyon 
Lands of Utah. The Zuni uplift is an elliptical uplift 70 miles 
long and less than half as wide, its southeastern end being 
in lat. 35^ and long, 108®. The surrounding plateau is about 
7,000 ft. high and the dome culminates in Mt. Sedgwick 9,200 
ft. above the sea. The general slopes are therefore not steep. 

The strata are inclined outward more steeply than the surface 
slopes, but all dips are gentle except at the western end. The 
eroded edges of these strata face the central uplift in great retreat- 
ing cliffs of red, white, and yellow, Inferior only to the rock 
terraces north of the Grand Canyon. Except for lack of the 
Eocene in this locality the formations exposed in the two regions 
are the same and their respective characters not very different. 
Irom the crest of the dome all sedimentary rocks have been 
eroded, exposing the crystalline rocks. Outward from this center 
there follow in turn, each limited by one or more cliffs, the 
Carboniferous, Triaasic, Jurassic, and Cretaceous systems. 

• Tho peculiar features of thb dcaert u they affect human habitation arc 
»oU d^nbed by H. E. Grefor>'; ace the Oasis of TuU, Arisona, A^^oc. 
Amcr. Gcogr. Ann., vol. V, pp. 107-119, 1915. 
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A special interest attaches to the Zuni uplift because it exempli- 
fies in typical form a principle which has been much stressed by 
some in explaining the mountains of western United States. Its 
form and the total absence of plication in the rocks suggest a 
force pushing upward from beneath rather than lateral compres- 
sion,* It thus belongs to the class of “domed mountains” of 
which Davis has taken the Black Hills as the type.’ 

Surrounding Topography.— Views from the top of this dome 
as far as possible to the north and west show a succession of 
low mesas and erosion valleys, here bounded by desert cliffs and 
there by long barren slopes, the entire landscape being typical 
of the Colorado Plateau for hundreds of miles, resulting from 
the erosion of nearly horisontal rocks of diverse strength in an 
arid climate. 

Twenty miles to the southwest, on a mesa 1,200 ft. high, 
surrounded by steep cliffs, the ancient tribe of Zuni Indians, after 
the manner of the tribes in this section, built their pueblo, the 
remains of which, still inhabited by the remnant of the tribe, 
afford one of the most interesting historic structures in America. 

To the south and east the topography is the same where 
volcanic rocks do not cover the sediments. But most of the 
area, especially toward the south, is covered with lava at least in 
spots. “ It is scattered about in an irregular way as if the molten 
stuff had been dashed over the country from a titanic bucket, 
and lies like great inky slops over the brightly colored soils and 
clays.”’ The spots here mentioned are generally mesas, from 
a few hundred to several thousand feet above the denuded 
surface of the Cretaceous, remnants of once larger and more 
continuous lava flows. Forty miles to the south, the lava cover 
becomes essentially continuous.’ The district has been little 
studied but it is known that the plateau character, after continu- 
ing some distance, gives way to a disordered structure and 
mountainous surface assigned on the accompanying map to the 
Mexican Plateau section. 

Mount Taylor and Volcanic Necks. — Northeast from the Zuni 
uplift are many mesas, the greatest of which is 46 miles long 

» DonoN, C. E., Mt- T*ylor and the Zuni Plateau, tl. S. Geol. Survey, 
6tA dnn. RepL, pp. 118 and 195, 1884. 

» Davis, W. M., Physical Geogiaphy,” p. 169, 1898. 

* DotTON, C- E., toe. cU., p. 126. 

* Dabton, N. H., Geological map of New Mexico, 1927. 
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and half as wide, 1,900 ft. above the surrounding plain and capped 
by 300 ft. of lava. Among other volcanic cones, half hidden 
in the forest, this mesa bears Mt. Taylor, 11,389 ft. high and 
young enough to retain its conical form. 

The principal interest of this district is in its hundreds of 
volcanic necks.* Some of them in various stages of destruction 
stud the denuded C'retaceous plain. Others are just beginning to 
be exposed in the retreating diff which bounds the mesa. Some 



Fio, 116. — L«QdM»p* ftmonc the voleenie neeke end moftee in w««t<^rn New 
Mexico. To the left ie PrteU Mcm. the femnent of « hualt flow fO|)pin8 
Cretnceoue beds. To the ri«ht as Cerro C'oehinp. s volcanic neck. Tlje broad 
Mmi-deiert plain dotted with juniper b a local peBeplain on Cretaceous ahalee. 
(PAoCo Ay Douoltu JohnMi.) 


of these still rise to half destroyed volcanic cones for which 
the now choked conduits furnished the material. It should be 
observed that the volcanoes which once surmounted these 
scattered necka rose, not from the denuded plain from which the 
necks now rise, but from the level of the mesa nearly 2,000 ft. 
higher. Hence it is not correct to think of these necks as 
representing the former throat of the volcanic cone itself, but 
rather the long conduit leading up to the volcano through the 
sedimentary rocks. 

' JoHNsow, D. W,, Volcftoic Necks of the Mt. Taylor Region, New 
Mexico, Geol. Boc. Amer. vol. XVIII, pp. 303-324, 1907. 
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Physiographic History 

Early Uplift and Folding. — The physiographic history of 
the province may be said to begin with the uplift and folding 
that followed the Cretaceous, i.e., at the time of the widespread 
!>aramide revolution. Almost all of the beds that are not now 
horisontal received their tilt at that time. The great eosUdipping 
monoclines were made then as were also the domed uplifts, San 
Hofael, Zuni, and others. The great importance of these deforms- 
tioDS lies in the fact that, in changing the position or the relative 
elevation of great masses consisting of hard and soft rocks, 
conditions were created which have governed erosion ever since. 

Earlier Degradation. — Following these crustal movements 
there was extensive erosion before the late Eocene sediments 
were deposited over almost the entire province, thus leveling 
the area once more for a new start. The total thickness of beds 
stripped from the Canyon Lands and Grand Canyon section in 
this and later cycles of erosion is perhaps 6,000 ft. An undeter- 
mined, but certainly large, portion of this stripping was done 
before the deposition of the Eocene.^ It is not improbable that 
a general peneplain resulted. AH this work was done by streams 
whose location is unknown. 

Eocene Deposition. — It is believed that Eocene sediments 
then covered almost the entire province, connecting those 
remaining in the High Plateaus with other remnants to the 
south and east, as in the Chuska Mountains of New Mexico. 
The groat importance of this lies in the fact that the drainage 
became superposed.* The major streams of today are believed 
to have been consequent on (he Eocene cover which has since 
disappeared. With its disappearance the streams were let down 
on older rocks. Most of them are now quite out of harmony 
with the structure. On the contrary, the smaller streams, 
developing later, generally after the main streams had out through 
the Eocene mantle, obey the conditions imposed by structures 
in the older rocks. Aside from the courses of the main streams 

» DtrrroN, C E., “The High Hateaus of Utah ” V. S. Geol. and G«^. 
Survey of the Rocky Mouataio Region, p. 2W; Grboort, H. E., V. & 
Geol. Survey, Prc»f. Pap. 93, pi- XXII, 1917? Rg. 118, p. 314 , is a smaU 
part of this plate showing an unconformity below the Eocene. 

» Moore, R. C., Significance of Enclosed Meanders in the Ph>*8iographic 
History of the Colorado Plateau Country, Jovr. Gtol., voL XXXIV, p- 99, 
1926; Dottok, C. E., loc. eiL, p. 292, 1880. 
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the topographic features of the proviooe reflect the structure to 
a remarkable degree. 

As to the course of the Colorado River across the Kaibab 
Plateau and through the great canyon, it is not so certain that 
superposition can be invoked, as the burial of the Kaibab under 
Kocene sediments may not have been complete. So far as ibis 
uplift stands in the way of a river which in Utah was borne on 
the surface of the Eocene, it is surest ed by Davis that the local 
uplift came after the river was following its present course but 
before the general rise that inaugurated the canyon cycle.’ 

Later Degmdation.—Witb the uplift of the surface after 
Eocene deposition begins a long period of erosion of which 
the final results are known better than the progress of events. 
This is the period assigned by Dutton to the "Great Denuda- 
tion,’’ now believed to be in large part earlier (see above). ll is 
also the period of Davis’ "plateau cycle," assumed to have 
ended with a widespread peneplain in which, after uplift, the 
Grand Canyon was cut. Such a peneplain was, without doubt, 
produced in that region, though perhaps not just before the 
canyon cycle and not at the level of the canyon rim. There 
are also remnants of peneplains here and there beveling the 
strata of the Canyon Lands and Navajo section (Fig. 117). 
More recent crustal movements make it difficult to decide to 
what extent these may be correlated or whether they were 
merely local. 

ICxtensive stripped plains like the Great Sage Plain (page 309) 
and the Grand Flat on the Monument uplift (page 31Q) were 
probably developed not, far from base level. No formation is 
sufficiently resistant to stand very widespread stripping without 
dissection when fur above its local base level. Moreover, there 
are evidences of approximate base^lcveling not far removed from 
these stripped plains and at similar altitudes. The outstanding 
example is that of Comb Ridge (page 310) whose jagged crest is 
essentially at the level of the Great Sage Plain to the east. 

Even if the Great Denudation be assumed to have resulted in 
a general peneplain, this feature was not dominant when the 
canyon cycle began. The aspect of (he province at that time 
was much the same as it would be now with the canyons filled up. 
In the Canyon Lands were mesas and structural terraces and 

‘ Davjs, W. M., An Excunion to tbe Grand Canyon of the Colorado 
Mup. Comp. Zool. BuR, vol. 38, pp. 185-186, 1901. 
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retreating escarpments then as now, perhaps several thousand 
feet high.* The High Plateaus and Uinta Basin stood above the 
level of what is now the Canyon Lands section. It is not improb- 
able that the pre-canyon landscape contained peneplain remnants 
of several cycles. Some of the remnants represent the work of 
the last cycle immediately preceding entrenchment.* It was 
upon a newly begun peneplain of this kind that the streams 
developed those remarkable meanders which are now entrenched 
1,000 to 2,000 ft.* 


Fjo. peneplain de veiled on reUtixYly eoft JunMic (t) rock st 

the weet fool of the Blaek Mee* in the beein of Uie Moenkopi Waeh. The 
hisheel repmenta a peneplain of conaidertMe evtenl. The two lower 
Icvela, likewiec truncating (he dipping beda, are apparently planalioo eurfacefl. 
(Photo hy W. C. Mendfnhclt, U. S. Oeol. 

Likewise in the Grand Canyon section the present topography 
is probably not that which resulted from the Great Denudation. 
Throughout the Grand Canyon section the present plateau 
surface is generally on the Kaibab limestone. Here and there 
are patches of lava forming higher plateaus. Generally these 
lava sheets do not rest directly on the Kaibab but on pedestals 

i Moors, Raykohd C, Jimr. GeoL, vol XXXIV, pp. 11&-120, 1926. 

* MooBB, R. C., loc. eit., p. IIO; Obeoobt, H. E., U. S. GeoJ. Surrey, 
Prof. Pap. 93, p. 120, 1917. 

* Moors, R. C., foe. ctf., pp. 29^7 aod 97-130. Theee pepen contain 
Qot only good descriptiond of thege v&lle^’a but historical interpretationa 
of the various topoyranbic features. 
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of soft shale, hundreds of feet thick (see description of Uinkaret 
Plateau, page 280). It is plain that the lava flowed out on a 
peneplain developed on the weak rocks, and that later the weak 
rocks were stripped away except where covered and protected. 

In the original concept of a plateau cycle Dutton assumed that 
base level during the Great Denudation agreed essentially with 
the upper surface of the Kaibab formation. This theory is no 
longer tenable in view of the known facts pertaining to the faults 
(page 324). It is now agreed that the remnants of nearly flat 
surface on which the lavas rest represent a widespread peneplain,* 
developed only locally on the Kaibab formation and elsewhere 
on softer rocks hundreds, even several thousands, of feet above it. 

It has commonly been assumed that the canyon cycle was 
inaugurated by the uplift of this peneplain to something like its 
present level. It is further assumed that while the canyons were 
being cut, the weak rocks overlying the Kaibab were stripped 
away throughout the Grand Canyon section. Moreover, the 
streams that did the stripping are assumed to have cut into the 
underlying limestone leaving its surface marked almost, every- 
where by a mature system of valleys rarely deeper than several 
hundred feet’ (page 281). 

Some geologists have trouble in conceiving of such deep and 
extensive denudation by small, probably intermittent, streams 
and interstream wash, within the time occupied by a powerful 
throughflowing stream in cutting a narrow canyon, no matter how 
deep- The difRcuUy is made greater by the sudden transition 
at the brink of the canyon, from the mature features of the broad 
upland to the youthful aspect of the rapidly growing canyon. 
The ravines and gorges which are tributary to the latter have 
little or nothing to do with the wide-open mature valleys which 
furrow the plateau. They seem to belong, if not to a different 
world, at least to a different age. On account of these relations 
it has been suggested* that another cycle intervened between 

‘Davj#i, W. M., Mii«. Comp. Zool. Bull,, vol. 3H, p. 139, IWl; Humt- 
j NATOS, E,, und Goldthwajtb, J. W., The Hurriesne Fault in the Toquor- 
villo District, l/iah, Mus. Comp. Zool Bull., voL 42, pp. 199-25S, 1903, 
have called this the Mohave poncplaio. 

> Davis, W. M„ loc. dl., p. 137. 

* HoBiNflON, H. H,, A New Erosion Cycle in the Grand Canyon District 
Jour. Oeol., vol. XVTII, pp. 742-7e3, 1910. On p. 761 Robinson jpvea iht 
assumed height of the old peneplain above the present stripped surface at 
diffiTcnt pip**?- 
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the Great Denudation and the canyon cycle. It is believed 
by Robinson that this intermediate cycle was inaugurated by 
moderate uplift and that it was carried far toward completion, 
thus stripping away the softer rocks above the present surface 
of Kaibab limestone and carving in that formation a mature 
system of valleys before the final uplift brought in the canyon 
cycle. 

The Great Faults. — At some time since the Eocene the great 
wesMhrowing faults were made which outline the several plateaus 
north of the Grand Canyon. Their striking scarps were formerly 
regarded as due directly to displacement. It is now known that 
they are not, in that sense, fault scarps but fault-line " scarps 
due to differential erosion after the original faulted surface was 
base^Ieveled. The important fact concerning their age is that 
they antedate the general peneplain which obliterated their 
initial scarps. In the pre-canyon cycle described above the 
tilted Kaibab limestone was stripped and its broken edges 
exposed in the present scarps.^ 

Canyon Cycle.— The final uplift resulted in deep canyon 
cutting. At places the great escarpments have been freshened 
and their retreat greatly accelerated. 

R4suib£.— I gnoring exact geologic dates the events leading up to 
the present physiographic forms may be summarised as follows:^ 

1. Crustal movements at the close of the Cretaceous resulted 
not only in general uplift but in local swells and in the great 
east-dipping monoclines. 

2. The general wasting of the surface set in and made great 
progress before the Eocene beds were deposited. 

3. After Eocene deposition and uplift, the preeent major lines 
of drainage were established and erosion continued throughout 
the plateau cycles. 

* The evidences for this history cannot be discussed here. They relate 
chiefly to {!) the unequsl recession of the Vermilion Cliffs on opposite sides 
of ft fault line; (2) the drainage pattern as now found, contrasted with what 
it should be if the faults were recent; (3) occasional patches of lava resting 
on level surfaces which cross the fault lines, thus protecting both sides from 
stripping. 

For discussion see; Davis, W. M., Mus. Consp. Zool. BvU., vol. 38, pp- 
142-150; also vol 42, pp. 2-18; and Hontjnoton, E., and Cot-nra waits, 
J. W., Mus- Comp. Zool. Bull,, voL 42. pp- 223-238. 

>Thi8 summary agrees with that given by Gr^iy, U. 8. Gcol. Survey, 
Prof. Pap. 93, p- 122, so far as they cover the same ground. 
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4. Meanwhile, at a time that need not be accurately dated for 
physiographic purposes, there was further warping, including 
the making of the Uinta Basin. Most of the great faulting also 
took place early enough so that fault scarps disappeared in the 
base-leveling process. 

5. Uplift made possible the final stripping of the Kaibab lime- 
stone in the Grand Canyon section and gave iise to new scarps 
along the old fault lines. 

6. At or after the beginning of the Quaternary, the canyon 
cycle was Inaugurated by great general uplift. 

A detail of physiographic history appears in the accumulation 
of alluvium in valley bottoms within the time of human occupa- 
tion and in the still more recent trenching of this by vertical- 
wallcd channels, some of them 80 to 100 ft. deep. These channels 
or “canyons” are matters of great concern to present settlement, 
although practically all of them are less than 50 years old and 
most of them not over 30. Various explanations are offered, 
some based on climatic changes, some on overgrasing or other 
incidents of civilisation which may have disturbed the delicate 
balance to which gradients bad been adjusted. The phenomenon 
IS Interestingly discussed by Gregory,* Bryan,* and others. 

* Grboory, H. E., toe. eU., p. 131. 

' Bryaw, Kirk, DrIr of CluiAnd Trenching in the Arid Southwest, 
8^^ vol XLII, pp. 339-343, 1926. Thia discutfion is not limited lo 
the Colorado Plateau. Abundant references arc given. 
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BASIN AND RANGE PROVINCE 
THE PROVIKCE AS A WHOLE 
General Dsscriptiok 

Distinctive Features.— -A great region west and south of the 
Colorado Plateaus, embracing one-tenth of the United States 
and extending into Mexico, is aptly styled the Basin and Range 
province (Fig. 118; also Fig. 4, page 10 and Fig. 132, page 368). 
Topographically it is distinguished by isolated, roughly parallel 
mountain ranges separated by desert basins, generally almost 
level. Climatically it is characterised by want of sufficient run* 
of! to reach the sea or to forward its load of detritus. In the 
northern half, i.e., in the Great Basin, drainage generally leads 
to enclosed basins. In Ahsona and New Mexico such basin? are 
by no means universal. Much of the area there has slopes on 
which water might run directly to the sea but it is too arid to 
supply continuous flow and considerable areas have no run*off 
at all. 

Boundaries. — While interior drainage is highly characteristic, 
this affords a poor criterion for drawii^ boundaries. For 
example, the basin of internal drainage includes the eastern 
slope of the Sierra Nevada which belongs quite as much to the 
Mountain province as does the western slope. Moreover, the 
Pitt River, a tributaiy of the Sacramento, drains the northeast 
corner of California, a characteristic portion of the Great Basin 
province. In like manner a considerable portion of southern 
Nevada is traversed by canyons leading to the Virgin River and 
thus to the sea. The fact that the drainage from these marginal 
portioi^ is outward does not differentiate them physiographically 
from neighboring portions whose drainage leads to salt lakes. 

The area characterised by the basin ranges has a different 
limit. Except for their greater sise, the Wasatch on the east 

» It i9 true that the term “Great Basin" is often used in a hydio^W® 
sense but iu more general use b physiographic. Care must be exercised o 
avoid confusion. 
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and the Sierras on the west are of the same type as many of the 
ranges in the Great Basin. In the northern end of the province 
the basin ranges become widely spaced and it is impossible to draw 
a line which shall surround them all without passing in an 
arbitrary course through broad areas of plains. In southern 
California this criterion fails for the opposite reason that some 
similar mountains are excluded from this province. 
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istically at the foot of steep wasting slopes, covering the inter* 
veniDg troughs or basins where streams lose their velocity or 
disappear. It must, however, be remembered that the province 
as a whole is not the e^cact area covered by such deposits. The 
typical ^'boLson'' or concave basin, coated, and in some cases 
deeply filled, with detritus is a very characteristic but not universal 
feature. The line delimitiz^ the area thus characterized must, 
in parts, be arbitrary. The boundaries chosen are in part 
determined by the more easily defined limits of neighboring 
provinces, such as the edge of the Colorado Plateau and the foot 
of the Sierra Nevada. 

Subdivisions. — The province here outlined Is divided into 
five sections of unequal size. The Crreof Basin lies north of 
lat. 35^30'. In this ^e space taken by the mountains is about 
half of the total. Only minor marginal tracts may drain to 
the sea. South of this, in California and southwestern Arizona, 
is the iSonoran Desert section, much lower in altitude, in which 
mountain ranges are smaller and perhaps older, occupying 
perhaps one^fifth of the space. Moreover, large areas are with« 
out concave basins of internal drainage. The SoUen Trough, 
whose center is several hundred feet below sea-level, deserves 
se parate treatment. Its southward extension in Mexi co embraces 
the Gulf of California. Between the Sonoran Desert and the 
Colorado Plateau, stretching east beyond the Rio Grande, is a 
northward continuation of the Mexican Highland not unlike the 
Great Basin in its major features. However, as the Plateau 
province is approached some of the mountains are transitional 
in type from that of the basin range to that of the plateau out- 
lier. In central Arizona the drainage from this section is to the 
sea. Finally, on the eastern margin of the province, mainly 
in New Mexico, there is a north-south strip which combines some 
features of this province with others of the Colorado Plsteau. 
At the north end where its plateaus are of horizontal rocks, 
it has the drainage features of the Great Basin. Elsewhere, 
and for the greater part, its plateaus are tilted like the mountains 
in the northern part of the Great Basin. This is the Sacramsnio 
section. 

CuliATE 

The province as a whole is the driest in the United State^ 
being dependent for its moisture on winds from the Pacific an 
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lying in the rain shadow of the intervening mountains. The 
southern half contains the points of least rainfall and highest 
temperature. At Yuma, Arisona, the average annual rainfall is 
2.84 in.; at Needles, California, It is 2.47 in. These are places 
where the plain Is low and mountains are few and small. Here 
there is no marked seasonal distribution except a deficiency in 
the spring. Farther north and east where mountains are larger 
and more numerous, precipitation is greater. To the north, in 
the Great Basin, the maximum precipitation is in the late winter 
(west coast type of climate). To the south, in the Mexican 
Highiand, precipitation is of the subtropical type with the maxi* 
mum in the hot season although parts of this area may also be 
affected by a winter maximum. July and August have afternoon 
showers which, in the mountains, come almost daily. 

Whether the maximum rainfall comes in the winter months, 
as in (he Great Basin, or in the summer, as in Now Mexico, or 
whether there be two maxima, as in parts of Arisona,' neither 
season can be trusted to bring relief every year, for it is notorious 
that the smaller the annual rainfall the greater are the departures 
from the yearly average and the greater are the unaccountable 
differences between nearby places: hence one year may bring 
many times the rain of the next and in the drier parts large areas 
n\ay be practically skipped for one or more seasons. 

In I’apagueria (southwestern Artsona and part of Sonora) where the 
mean annual precipiution is probably no moie than 3 or 5 in., ami many 
tracts of 1,000 square miles or over are mused by the midwinter or mhi- 
Buemner Btorme of one or n>ore years, the freshet-making stormn may bo 
three or five years in coming, and the great mantle-moving torreiiU 
arc apparently separated by decades or centuries.* 

Along with (his fitful character of the seasonal rainfall, goes a 
tendency toward concentration into brief and violent showers or 
“cloudbursts.” Obeervatlons at Tucson, Arisona,’ show that 
ruins frequently have a “density” of 1 cm. in 10 or 15 min., or 
in other words, that rain frequently falls at the rate of to 
in. per hour. The geological work is therefore not done by 
perennial streams. 

» U. a Dept. Agr., Weather Bur. BmU, N, chart, 1906; also BuU Q, 1900 

* McGbb, W. J., Shoetflood Eronoo, Geol 8oc. Amcr. BuU., vol. H, p. 108, 

Infl/. 

* Obaervalion at the Dcaert BoUnical Laboiatery, Pucaon. 
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As this region also has a high temperature, its relative humidity 
IS very low, especially during the day. Evaporation in the 
southern half of the Basin and Range province is, therefore, at a 
higher rate than anywhere else in the United States. Much of 
this region, especially its lower western half, is almost without 
flowing water. For an area of 60,000 square miles east and west 
of the Lower Colorado the United States Government issues 
guides to springs, wells, and other watering places' which may be 
10 miles or 50 miles apart. In an area of 10,000 square miles in 
C alifornia and Nevada only 323 such places are listed and some 
of these afford only warm and unpalatable water. 

Basik Ranges 

Topography. — Among the mountains of this province certain 
characteristics are prevalent, so much so that the term 'Hyplcal 
basin range” conveys to geologists a fairly definite impression. 
Usually the range is one of many more or less parallel ranges. 
Lengths of 50 to 75 miles are common; there are more smaller 
than larger ones. Within iu length, whatever it be, there is no 
great and sudden variation in height and breadth though the 
crest may be very jagged; the range is not deeply notched and 
segmented; the bulk is fairly continuous; a general straightness 
is more noteworthy than the opposite. In many coses the 
straightness of the foot is more marked than that of the range 
itself and is quite independent of a complex structure of strong and 
weak rocks. The generalised slope from base to summit is not 
excessive but the appearance of steepness is enhanced by the fact 
that the slope does not flatten out near the base. The abrupt 
meeting of valley floor and mountain side, and the uniform slopes 
of the latter, are among the striking features of the province. 

A characteristic that Is somewhat surprising in this arid region 
is the frequent occurrence of ravined slopes, especially in the 
northern part. Some entire mountain sides are wholly occupied 
by sharp ravines whose slopes meet in equally sharp divides 
(Fig- 119). Speaking of ranges in the basin of Lake Bonneville, 
Gilbert says, “Every water parting is a sharp ridge and every 

‘ Mbs&bnhall, W. C., Some Desert Watering PU«« in Southeastern 
California and Southwestern Nevada, U. S. GeoL Survey, Wat. Sup. P^P- 
224, 1909; U. S. Geol. Survey, Wat. Sup. Pap. 490, 1920 to 1922, by varioufl 
writers embodies theee surveys to date; Bar am, Kim, Tlie Pspsgo County 
U. S. Geol. Survey, Wat. Sup. Pap. 499. 1925. R- 1 shows the area covered 
by such guides issued up to 1925. 
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waterway an accurately V-shaped gorge. These are carved only 
by running water." ‘ Such mature dissection by angular valleys 
is more prevalent in the Great Basin than farther south but even 
ihere it Is not universal. Such ravines are apt to be cut in bare 
rock with little or no detritus in their beds. Other slopes are 
almost UDg:uJlied, some of them being composed of talus blocks 
too Jai^e to be moved by the wash, others of solid rock either 
washed bare by cloudbursts or standing in cliffs too steep to 
retain their waste. 

In the more arid parts, single uniform slopes or cliffs range in 
steepness from 15 to 90 deg. The angle of slope seems to depend 
more on the character of the rock than on any other factor.* For 
any given rock type the slope does not vary greatly. It Is about 
as steep near the base as near the summit instead of flattening 
out below like the stream profile. Moreover, the degree of slope 
remains constant as the mountain wastes away, i.e., the slope 
retreats but does not become flatter as In humid climates. From 
descriptions of these mountains as tilted fault blocks, it is fre* 
quently inferred that they are plainly unsymmotrical in slope, 
a steep scarp slope on one side being clearly contrasted with a 
gentler dip slope on the other. In most cases there is no striking 
contrast of slopes. The structure is complex and unless covered 
by a sheet of lava, neither side could be called a dip slope. 

Rocks and Structure. — The rocks which compose these moun- 
tains are in large part sedimentaries older than Cretaceous. 
Generally they have been somewhat metamorphosed but con- 
trasts in strength and in resistance to erosion are still common 
They were much deformed by folding and faulting and then so 
wasted by erosion that the present positions of the beds bear no 
simple relation to the forms of the mountains.* In any case 
the present trend of the ranges is rarely parallel to the strike. 
Many of the ranges consist partly or wholly of igneous rooks. 

1 Gilbert, O. K., V. a G«ol. Survey, Mon. 1, p. 91, lS9a 

* Lawton, Andrew C., The Epigeno Profiles erf the Desert, Univ. Calrf- 
BtiU ., Dept. Ceol. 8oi., vol. 9, no. 3, pp. 23-48, 1915; Bryan, Kxbk, Erosion 
and SedimenUtion in ibc Fapego Country, Arisona, V. S. Geol. Survey, 
BuiL 730, 1922. Pages 42 to 43 of this paper deal with mountain slopes 
suitably classified. 

•Loudbrsack, G. D., gives certain croas-eecUons of fairly typical rangw; 
see Basin Range Structure of the Humboldt Region, Geol. Soc. Amer. BvlL, 
vol. 16, pp. 289-346, 1904; Spurs, J. E., OriglR and Structure of the Bssin 
Ranges, Geol. Soc. Amer. vol. 12, p. 259, 1901. Many structural 

sections are given. 
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Many of these mountains are desert. Much of the surface 
is bare rock, frequently briliiant in color 

. . . astonUhing one reared beneath more humid skies. The color is 
due to purple trachytes, volcanic tuffs of all shades and tints from pure 
white to luminous red; also deeply colored rhyolite; fieside this are 
dark basalts partially buried by dunes of soft creamy sand.' 

Certain names are significant, for example, Chameleon Moun- 
tains, and Harlequin Hills. 

Origin or the Basin Ranges 

Hypothesis of Faulting. — In southern Oregon, the northern- 
most part of the Great Basin, the mountains are obviously fault 
blocks in the youth of their first erosion cycle. It has long been 
believed that the mountains of Nevada are also fault blocks with 
a longer and more complex history.* The assumption commonly 

* Rcmbll, I. C., Lake Lthontsn, U. 8. Oeol. Survey, Mon. 11, p. 39, iggs. 

’ First innounccd by G. K- Gilbert in 1873 and adopted by Powell! 
Dutton, King, Russell, snd others who did much work in this province. 
The history of the question is reviewed in a posthumous paper by Gilbert, 
U. 8. Geol- Survey, Pro/. Pop. 153, 1828, 

The subject is discussed by W. M. Davis in the following papers: The 
Range# of the Great Basin, Seienct, vol. XIV, 467-468, 1901; The Mountain 
Ranges of the Great Basin, Mus. Comp. Zool. Bull, vol. 42, 1803; The 
Watttch, Canyon, and House Ranges, Uuh, Mus. Comp. Zool, Bull, vol, 
49, 1006, 

More recently Ceo- D. Louderback has pubibhed the following papers 
based on extensive field studies: Basin Range Structure in the Great Basin 
b'niv. Cal. Bull, DSpt. Geol. 8ci., vol. 14, pp. 328^376, 1823; Period of 
Scarp Production in the Great Baain, Vniv. Cal- BuU., Dept, Geol. Sci., 
vol, 16, pp. 1-44, 1924; Morphological Features of the Basin and Range 
Displacemcnta, Univ. Cal- Bid/., Dept. Geol. Sci., vol, 16, pp. 1 - 42 , 1926 

J, B. Spun, Origin and Structure of the Baain Ranges, Geol. 80 c. .tmer. 
Bull., vol. 12, 1801, asserts that should the Appalachian legion now \y 
overtaken by a climate like that of the Great Basin, there would result a 
combination of degrading mounUin ridges and aggrading desert vallcyi 
similar m all essential respecU to those of the Great Basin. 

Erosional Origin of the Great Basin Ranges, Jour. GeoL, 
>^l. XVI!, 1909, believes that a general peneplain exbted somewhere near 
^e present mountain tops and that the basins have since been excavated on 
the weaker rocks, primarily by wind. 

Eliot Blackweldcr, while not discussing the Great Baain as such, discusses 
the principles involved and uses illustrations from thb province in his paper, 

wl, XXXV!, pp 289-^1 
1928. His suggMtion that the mounUins are fault blocks in their serjond 
eyrie of erosion is mentioned below (p, 334, 838). 
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made is that the mount aiDiS made by fauJting are still in their 
first erosion cycle. Recently published observations by Black- 
welder tend to show that most of the features which have been 
interpreted as indicating block mountaiz^ in their first erosion 
cycle belong equally to fault blocks in later cycles. As the fault 
theory is challenged* from time to time, the chief points on which 
if rests are here set forth. 



Fio- l20.“KMt front of the Inyo Ranar farm* \ni\ry (north of 

Lak«< California). Note that the whole mountain front i« an inclined plane 
eomewhoi eroded. Note aJao the freoh fvult eutUo^ the alluvial fan. ((/• 
Ocof. S’urrev.) 


Fresh Faulting. — At the foot of many raises (the Wasatch 
among them) are found small fresh fault scarps from a few inches 
to forty feet in height; so recent that the soil or recent wash in 
which they occur still supports an open fissure or a vertical face 
(Fig. 120). The upthrow is generally though not always on the 
side toward the mountain. Large numbers of these recent faults 

» Rival hypotheaea are cased niaicly on the assumption that these 
are reaiduai forms resulting from long-continued eroaion of a much folded 
and faulted r^ion. Along with this aaiumption there common^ 
another, namely, that the climate was more humid and that aridity is 
relatively recent. 
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have been described and mapped by Russell.^ A fault of ih[9. 
kind in Owens Valley at the foot of the Sierra Nevada Mountains 
originated during the great earthquake of 1872.^ Like others of 
its kind, it has been generally interpreted as indicating continued 
displacement along the great fault marked by the course of the 
mountain front. Similar faulting has been observed during other 
earthquakes, notably in the Pleasant Valley earthquake of 1915.^ 



Fm. sfArp southt'AM ot iVrp SpHne* Valley. <»aa(prn ('alifumu. 

Tho tliort, fttppp apura end in IriaiiKulnr facrla. Ibe huvea of wliirh form nicntle 
curve ill ureuml plan. Narrow V'sKbikhI caiiyuiia have ubnormiilly flinull 
aliiivlal fbna at their mouth*. The lr»wp«t iwrt of the valle>’, now omipird by 
■ auk pun. la altuated at the b«ae of the aeur|> inatcad of in the middle of the 
hnain. From theae fealurea it ia Inferred (hat (he major topograplue fen tu res 
result direedy from fauUlns. (PSot^ hi/ 


Faceted Spurs. — In many caace the mountain spurs between 
these characteristic stream gorges do not taper down to the plain 
but arc cut ot! abruptly by facets whose steepness reaches in 
some coses 40 deg. but rarely exceeds 30 deg. (Fig. 121). The 
suggestion that such facets arc sea ciiifB is disproved in some 

' U. B. Gcol. Survey, Mm. It, p, 275; abo pi. XLIV, 1H85. Such font urea 
were fimt noted and explained by Gilbert in 1876. 

•WtiiTNEY, Overland Mtffdhlp, vol. IX, pp. 30-!0 an<t 265-27K, 1K72; 
rofi^rence by C. D. Walcott in Jour, GeoL, vol. V, p. 347. 

'JoNBu, J. C., The PIcaaant Valle>', Nevada, Earthquake of Oct. 2, 
1015. Sciemol. Soc. Amer, Buff. 6, pp. 19(^205, 1015. 
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cases by their relations to the old shore lines. They have been 
interpreted, therefore, as representing the fault plane itself, 
perhaps reduced somewhat in steepness by erosion. Facets of 
this kind are present on many ranges from the Wasatch to south- 
ern California.' 

Discordance of Outline and Structure.*— The most essential 
feature of residual mountains resulting from long erosion of a 
deformed region is agreement of topographic form with geologic 
structure. This goes with adjustment of drainage. After such a 
history most of the features are subsequent. Where contrasts 
in strength of rocks exist, the ridges must therefore be of the 



Ftc. 132.— Diaimm of o nounttifi corvod on k Uultod btock of proviou^y 
deforood aod denuded »lnU. Tbo base of Um fongo it fairly atraight and ita 
diroctioo i« iodependrot of tho afrika. (Afltr Dan*. Sdvtc*. 1901.} 

Stronger rocks and the valleys on the weaker, aod the trend of 
the subsequent ridges and valleys must agree with the strike 
of the strata. Mountains remaining after such profound erosion 
should show no continuity of range crest (except it be in a second 
cycle as in case of the Appalachian ridges, and then only in strict 
agreement of form with structure). Such residual mountains 
should, on the other band, be irregular and patchy, with long 
spurs and outliers interlocking with broad valleys reaching far 
into the mountains. 

If mountains are fault blocks not yet worn down, the base on 
the fault side should be straight (or as nearly so as a fault should 
be). If such a straight base is found cutting across the strike 

' Walcott, C. D., Jour. Geoi., vol. V, iSft?; Blacswbldbb, E., k»c- cH - 
p. 297, Fig. 3. 

’ For discussion see Davis; three papers cited above. 
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of strong and weak rocks alike, the presumption is» very strong 
that it represents a fauJt in its first erosion cycle. 

This latter description applies to some ranges in Utah and 
Nevada. The continuity of the range masses (despite jaggedness 
of crest) has been noted by alJ observers. It is less remarkable 
than in the Appalachians but remains without explanation except 
on the basis of some kind of relatively recent uplift of the moun- 
tain or lowering of the valley, 

Valley Fonns. — Small streams descending the western side 
of the Wasatch* occupy valleys which are characteristically V-Iike 
and steep, down to the very point of issuance from the moun- 
tains. This seems to indicate continued rising of the mountains 



i'lc. K^viuM. $pur$. stKi i«rminAl (*c«U oltboSpiini«b Ww^leh. looklna 
tut', drawn from tket^h and phototnph, (Afltr Doa*«.) 


or a rapid lowering of the valleys, otherwise the lower end of the 
valley would soon become broad. The case is made stronger 
by noting that some of these little streams have convex profiles, 
i.s., abnormally steep gradients and even falls and rapids within 
a few hundred feet from the ends of their gorges. 

Springs.— Still another evidence of faulting is found in the 
springs, both hot and cold, which occur in significant numbers 
along the lines which are believed on other evidence to be fault 
lines. Such hot springs, not in regions of recent vulcanism, are 
accepted as evidence of deep circulation of ground waters, thereby 
bri nging u p the heat of the earth from great depths . I n t he G rent 
Basin they have all temperatures below the boiling point. Many 
of the springs, but not all, are known to be connected with 

' The weatem base of the Wasatch Mountaina » taken ae the boundary 
of thuj province. However, with respect to the effects of faulting the 
Waaatoh ia typical of the baain ranges. 
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recent faulting' but such a relation is not universal. Hot spring? 
may occur also on lines of ancient faulting as in Arkansas. 

Tilted Peneplain. — In a few of the ranges a sheet of lava is 
found tilted, exactly as in the young block mountains of southern 
Oregon, but resting on a peneplain which truncates a complicated 
structure.^ In the Oregon mountains the thickness of the lava 
is greater than the throw of the fault so that no structures appear 
except that of the simple block of lava. In the older mountains 
of Nevada both the throw and subsequent erosion are so great 
that the main structures exposed are those of the folded beds 
below, 

**Second Cycle” Interpretation.— There can be no doubt that 
some of the ranges exemplifying the features described above are 
fault blocks not yet worn down. The number of such is not 
known since most of the ranges have not been closely studied. 
The tendency has been to assume that this is by far the leading 
type of basin range. Recent studies have established certain 
facts which tend to reduce (perhaps to a minority, perhaps a 
small minority) the number of ranges to be explained in this way. 
Among these facts are the following: 

Most of the features listed arc consistent with the hypothesis 
that the ranges are in their second cycle, that the original 
topographic effects of faulting have b»n erased by erosion; that 
some of the fault blocks have since been exhumed by the cutting 
out of basins on the weaker rocks; in other words, that the 
present “fault scarps” are reaJly “fault-line scarps.” Among 
the features that may develop in the second cycle* are sharp 
V-shaped valleys maintaining their youthful form to the very 
foot of the mountain and even having profiles that are convex 
upward; likewise triangular facets terminating the ridges between 
such valleys. Of the features named above, a straight mountain 
foot, cutting obliquely across the strike of deformed strata of 
diverse hardness, is not consistent with a second-cycle inter- 

< Rc&SELir, loe. cii., p. 276. 

»L0UDBRBAC1, G. D., Burin Ranie Stnicture of the Humboldt RegiOD. 
Geol. 8oc. Amer. voL 15, pp. 280-346, 1904; sbo Basin Bsnge 
ture in the Great Basin, Oniv. Cal. Bull, Dept- Geol. 8ci., vol. 14, pp. 

376, 1023- . , 

» The points here noted under this head are a few of those mentjoaw oy 
Blackwelder in his paper on The RecognitioD of Fault Scarps, 
vol. XXXVI, pp. 280-311, 1028. Only the moat prominent points are 
znentioaed here. 
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pretatioD but this feature is not found in a majority of the ranges. 
Another feature not often seen in unmistakable form and likewise 
requiring that the mountains be in their hrst cycle, is an old 
topographic surface of the mountain, identifiable with a similar 
old surface on the valley floor. 



Pia. 3S4.— ParU of Nevftd* ftnd (!aN(omU eboiHng independent bAeins of 
inlemeJ drainMC. [B. B- V. S. Depl. Agr.) 


In a considerable number of cases (according to Black welder 
a majority of those carefully studied) it has been found that 
basins believed to be filled to great depths with wash from the 
mountains are really only coated with such material, the subK 
stratum being of soft Pliocene or Miocene sediments, generally 
deformed by folding and truncated by erosion. Presumably 
these soft beds, mistaken for recent detritus, were involved in 
the faulting that made the mountains, and their surfaces have 
since been much degraded. In any case it is a significant fact 
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that, where the substratum of the centra) basin can be deter 
mined, it consists in a large proportion of cases of soft rocks. 
In some cases the soft rock even forms the mountain spurs being 
separated from (he main mountain mass by the fault which else- 
where follows the nmuntain foot. Many of (he striking “alluvial 
fans" have also been found to be mere veneering on rock surfaces 
(Fig, U9). 

Such facts as these give support to the hypothesis that the 
relief which resulted directly from faulting is not (hat which we 
have now. It may have been eroded by water and wind to 
maturity or old age in one or more cycles and the present moun- 
tains and basins may be due to selective erosion on rocks of diverse 
strength which have been complexly faulted and folded. On 
this hypothesis it is necessary to assume that the partial filling 
of the valleys is due to a recent climatic change. 

It cannot be doubted that there are mountains in the Great 
Basin of both types, namely block mountains in their first erosion 
cycle and block mountains in their second (or later) cycle. In 
still others faulting is not yet known to be an essential factor. 
Many ranges have not yet been closely studied and others ma^^ 
be subject to dispute. No attempt is here made to fix the relative 
numbers of the several kinds. 

Intekuont Basins 

Id a Urge part of this province the mountains occupy approxi* 
mately half of the surface. Elsewhere, as in (he southwestern 
part, five^sixths of the area is plain. By contrast with the 
mountain sides these intermont plains appear almost or quite 
level. This may be true in the middle of a basin but toward the 
mountains the surface rises with increasing steepness until the 
slope may reach 6 or even 9 deg., but this is extreme. The average 
is about 3 deg. or five feet in a hundred. A fall of 300 to 700 ft. 
from the edge of the basin to its center is not uncommon.* 1° 
Owens Valley at the foot of the Sierra Nevada such slopes are 
2,000 ft. high.* 

Alluvial Fans.— Generally these piedmont slopes have the 
form of alluvial fans or slopes built from the waste of the moun- 
tains, though in some cases the alluvium is a mere veneer on 

‘Louperback, G. D., gives these figures for the western part of the 
Great Basin, Geol. 8oc. Amer. Bvllj vol. 15, 1904. 

* Russell, I. C., U. S. GeoL Survey, Mon. 11, p. 9, 1885. 
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soli d rock . Such slopes occupy a belt some m lies in wid t h (i i lu ay 
be 20 or more) surrounding ehe mountain range. Where si reams 
emerge from the mountains the fans are distinct, but soon they 
menje, producing one broa<l slope toward the center of the basin 
Near the apex of the fan when* the stream retains its power the 
material may be very coarse. Fragments as large as a house Iiave 
been noted at a distance of several miles from canyon luoufhs,' 
but such remarkable cases arc due to mud flows, tlu* work of 
which has not until recently boon appreciated.* Farther out, 



MO. U-», UboU Mtse ot ft (hm mud flow on the eft$t tide of SUlIwuie 
Ran Be. Sevudft. The proeeM hens exempt ifted b believed to be fteeouiitalllc fo 

<Jcpoajt# in the gtnH fftne of tJ.o Baiin uiid llaiiB, 
Ihieker mud Sowt may oarry hu*e liouJden many milca In 


with climinishinR slope, the matcrisl is finer; in some basins only 
the finest mud reaches the center. 

alluvial slope from one range may extend out- 
ward until It meets the slope from another range and the line 
of meeting may be marked by a “wash “ which once in a long time 
carncs water. All surface water not absorbed by the air or the 
ground sooner or later reaches a basin without outlet to the sea. 

' Davik, W. M., Mij8. Comp. Zool. BuU., vol. 49 p 30 
’ BtACKWSLosh, Eliot. M„<J V\ow nn a (;oologir Agcnl in .S..nia,id 
MounlumK, Geol. Soc. Amcr. BuN.. •njI. 39. pp. 405-IS4. 1928. 
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In a few cases pennanent lakes result. Generally there is a flat 
where water may stand at intervals and where mud alone accu- 
mulates. This flat is a play a ‘ or, when covered by water, a 
playa lake. The bottom is flat and a sheet of water one foot 
deep may extend for miles. Playa lakes in the Black Rock 
Desert (northwestern Nevada) may extend for 50 or 60 ir.i^es 
in length and 20 miles in width in winter and di8ap{>ear entirely 
in the summer. Play as may All by a single shower, perhaps 
several times in the same day and then perhaps not again in the 
same year, or the interlake interval may be many years, 

In order that any given closed basin shall contain a playa 
it is necessary that the run-off from the drainage basin shall 
occasionally reach the center, Such run-of! in the desert is 
charged with salts and (hick with mud. When standing in the 
playa lake it generally has a buff-brown color. The water evapo- 
rates and percolates and the mud settles. If a local hollow exists, 
the water is deeper there and the mud layer is correspondingly 
thicker, so that inequalities of level are soon eliminated. When 
dry, the mud makes a smooth floor, often creamy or light buff 
in color and usually hard, sometimes so hard that horses hoofs 
clatter as on a pavement.* The general aspect of a playa is 
shown in Fig. 137, page 379.* 

In some playas the amount of mineral substances (commoc 
salt and others) left by the evaporating water is so great as to 
encrust the entire area, sometimes to a depth of several inches, 
Such an area is then called a salina. The salt covering is 
sometimes pure white like fresh snow. Playas and salinas are 
absolute doserts. Around their edge may be found a fringe of 
salUtolcrant plants. 

The depth of Ailing is in most cases unknown. In some 
basins alluvial Ailing is underlaid by soft sediments not easily 
distinguished. A well 2,000 ft. deep in the Salt Lake Desert 
failed to reach hard rock, but it is not known how much of the 
material passed through was alluvium and how much was soft 
sediment of other origins. Another well near Sevier Lake found 

• The word “sink" as used in this province means easentially the same 

thing. Such sinks must not be confused with the ‘ ' sinkholes ” or ‘ ' linrestone 
sinks" of humid regions. . 

* RuxsatL. I- C., ecological Hisfor>' of lake LahonUn, V. S. Oeok 
Survey, Mon. II, p. 9, 1S85. 

’ Tnr further mention of playas, see Lakes, p. 349. 



BASIU AND RA,WOB PROVJ^'CS 


343 


1,944 ft. of UDcoxLsolidated materiai resting on a granite base.^ 
In Railroad VaUey similar material was penetrated to a depth of 
1,204 a* 

Rock Pediments. — In some cases the sloping margin of an 
intermont basin is what it appears to be, namely, an assemblage 
of deep alluvial fans. In other cases the fans are supcrhciul, 
forming a relatively thin covering on a sloping surface or “pedi- 
ment” of solid rock (see page 346 for origin). Opinions among 
scientific workers in this field differ greatly as to the relative 
frequency of each case.* Pediments, either bare or fan-covered, 
are a prominent and characteristic feature of the country south 
of the 38th parallel. Farther north the semblance of thick 
alluvial fans is more striking but not much is known of the actual 
depth to rock except where revived erosion has revealed the rock 
at unexpectedly small depths. 

Ground Water.— From (he forms of the filled basins it follows 
that the ground water received from the mountain streams 
which disappear on reaching the alluvium, moves down the slopes 
toward the center. It might be reached by wells within the 
central sink but by the time it has reached that place it is gener- 
ally too alkaline for use. If intercepted by wells at the edge 
of the sink it may be potable. The wells dug in the desert are 
generally at places where the water table is not more than 40 
ft. from the surface. A depth of 100 ft. to the water table is 
more common; it may be several hundred feet, or the underlying 
solid rock may be reached without finding water. 

In some of the basins the alluvium affords beds of clay alternat- 
ing with sand or gravel, and in a few cases water is found under 
artesian pressure. It is not to be understood that all the wells in 
these basins derive their water from the Pleistocene wash. Those 
along the Santa P4 Railroad, for example, find their water in 
porous volcanic ejecta of Miocene age.^ 

* Boctweul, J. M., cited by 1^, U. 8. Gcol. Sumy, Bull, $62, p. C8. 

* U. 8. Gcfol. Survey, Wat Sup. Pap. 366, p. 76, 1915. 

•Eetimatce of the ratio between thoae two are to some extent linked 
with cstimatea of the ratio between fijsKycle and aerond-cyclc block 
mounta.rw. Blackwclder doubts whether alluvial fans can be built under 
static condition® and believe® that thick alluvi®] fan fonnation® can bo 
deposited only in a region of active diaatrophic mo venient®.- Origin of the 
Piedmont Plain® of the Great Basin, Geol. Soe. Amer. BuU. Cordilleran 
BOO., abet.. 1927. 

* Black WELORR. Eliot, person al eommuDieation. 
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The relation which streams bear to ground water is character- 
istic of the desert. In humid regions the channel is cut below 
the water table which therefore slopes toward the stream. The 
latter receives water from the ground and grows larger as it 
proceeds. In the desert, the channel is filled by storm waters 
alone. The general surface of ground water is lower and slopes 
away from the channel. Hence, the water enters the ground 
from the stream and the latter diminishes as it proceeds. The 
disappearance of the streams described above is due chiefiy to 
such percolation but in part also to evaporation. 

Since the general level of ground water is far below the surface 
of the interment valleys, springs are necessarily rare. The con- 
dition most apt to cause a spring is some inequality in the surface 
of the impervious rock floor beneath the loose sediment. Where 
the surface of the ground is low and that of the underlying rock 
is high the lateral movement of ground water may bring it to the 
surface and an oasis may result. 

Dunes.— With a rainfall and run-off insufficient to make play a 
lakes, the center of the basin will be covered by the graded slopes 
from the margins or will be subject to drifting sands and dust. 
Some basins have considerable areas of sand dunes but, while 
very impressive, these must not be thought of as occupying any 
considerable fraction of the province, certainly not 1 per cent. 
North of Winnemucca, Nevada, is a dune area 40 miles long by 
8 or 10 miles wide. The sand here averages fully 75 ft. thick 
and the dunes are rapidly migrating eastward. In some places 
telegraph poles have been spliced to prevent total burial by sand. 
In a dune area south of Carson Desert a belt of migrating sands 
four to five miles wide reaches a maximum depth of 200 or 300 ft.' 
The dunes of the Sal ton Basin are unexcelled in the beauty and 
symmetry of their forms (Fig. 136, page 377). 

Where the vegetation, or the lack of it, is such as to allow the 
wind to comb the surface freely a curious pavement of stones 
results, known as the “desert pavement.” The sand and dust 
are blown away, but the contained pebbles accumulate until the 
surface is covered and thus partially protected from further wear. 
A striking example of this is noted on the old flood plain of the 
Colorado River. Tolman writes : 

There the surface is covered with a perfect mosaic of fitted stone, 
polished and flattened to the last degree of perfection by the wind. 

•Rdsseh, I- C., loe. p- 154. 
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Tlie light of the e&rly or U(e sun is thrown beck from uncounted faceted 
mirrors iu s dancing blase. Step on this pavement and you are sur- 
prised to find the apparently solid rock yielding underfoot. Scratch it 
with your boot and you hnd that there is only a single tliickness of 
pebbles in sise up to a quarter of an incli tliick^ cuN cring a deposit of hot 
dry dust.^ 

Kxcept for playus, washes, and bare rock surfaces, the desert 
pavement is the characteristic surface south of Ist. 38® where 
the creosote bush and cactus predominate as do the sage bruH) 
and greasowood farther north. 

OiuciN or THE Basins 

The history of the basins is of course involved in that of the 
ranges. The main point at issue is whether they arc diustrophic 
troughs in process of filling and obliteration or primarily erosional 
depressions modified in detail by accumulation of detritus in a 
recent episode of exceptional climate. That both types nia 
represented has already been implied in discussing the mountains. 
In the consideration of individual basins certain considerations, 
based partly on observations, partly on deduction,* are of value. 

Early Stages of Diastrophic Basins.— In a mountain region of 
more or less fortuitous slopes and insufficient rainfall for external 
drainage there may be many hydrographic basins, the center of 
each being the ultimate goal of drainage. All are receiving 
sediment and each has its own base level. Sea^level is out of 
Che question. At this stage a single basin may be divided into 
two or more by great alluvial fans crossing the basin or meeting 
similar fans advancing from the other side, In accounting for 
the origin of individual basins in this province the possibility of 
such subdivision must often be taken into account. 

It may and does happen, however, that one basin becomes full 
to the level of the divide separating it from a lower neighbor. It 
may fill with water as Utah Lake fills its basin. The case is not 
very different if a basin fills with sand, gravel, and silt insteod 

* Tolman, C. F,, Erosion snd Deposition in tlje Houthsm Arisons Bolson 
Region, J<ntr. vol. XVII, p. 149, 1909. 

• A vsluablu piece of deductive reasooing by W. M. Davis, The Geographic 
Cycle in sn Arid Climate, Jour. GeoL, vol. XIII, pp. 381-40r, 1906, iyegins 
with s constructions! surface such as our Great Bsion may have had on tho 
assumption that ils mountains are $o thoir firvi erosion cycle or (lot us 
say) Buch a ronslructional surface as it may have ha<l in those uhicK 
ore in the first cvrle of eroaion. 
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of water. la that case the graded slope leads eatirely across a 
former basin to a lower basin not yet filled. However rare the 
flow of water from one to the other may be, the slope becomes 
continuous and the drainage is unified. The same end may be 
accomplished by the headward growth of drainage lines from the 
lower basins, thus effecting capture of the higher (Fig. 119). In 
either case a step is taken toward the integration of the originally 



Pro. 12(t — Mountain, nat of RandahurR. CaKforniau Th«ae mounUlna 
hava bevn r*due«d in aCie by wenrinn bnek thnr elopea but tha itot pn«M eontinuea. 
Lone graded alop^ lik« (hoae Chat aurrpund Ihia inountain aro commonly taken 
for alluvial fana, but IhU ia a mining diatriet aod numeroua proapoct ahaflathow 
that aolid rock, ebiafly granila. undariiea thia alopiog surface for a distance of 
at least two milra from tb« base o( the nuHiaUin and only two to hva fret 
below the surface. It is evident that this rock plain ur pediment baa bceo 
developed by the retreat cf the mouotaio (roat (PAoto bv Slackvddtr.) 


non-intc^ted drainage. The effect of these processes is cumu In- 
ti ve, more and more basins being thus united, the ultimate 
tendency being to form continuous drainage lines. The final 
slopes may or may not end at the sea. It is not yet known to 
what extent the fairly well integrated drainage in the very desert 
Sonoran section has had such a history. 

Development of the Rock Pediment — Mountain streams in 
an arid climate may or may not bring to the base of the mountain 
more waste than they can forward on the plain. If they bring 
more, the alluvial fan results. If the load is considerable but 
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not excessive, the $(ream on reaching the plain may still shi /1 and 
wander widely, corrading laterally , cutting away spurs and, in 
general, planing of! the rock surface to a pediment. Floods of 
mountain streams often become sheet fioods (page 371) on the 
plain and these help to reduce minor irregularities. The total 
result of these processes, together with a recession of the mountain 
front, is a rock platform, broadening at the expense of the moun- 
tain. It may be bare or covered with a very few feet of detritus 
capable of being moved at intervals. Its slope is generally less 
than that of the fan and its profile parallel to the mountain foot 
Is horizontal instead of convex like that of the alluvial fan. Such 
pediments comprise a large portion of the area in the southci n 
part of the Basin and Range province, although often covered by 
relatively thin alluvial fans. Detritus of any considerable thick- 
ness resting on such platforms appears to indicate some recent 
climatic change.* 

The Work of Wind. — Unlike water, which always tends to fill 
and destroy basins, wind may produce them. Such work on a 
small scale is universally recognized, but geologists are far apart 
in their estimates of the efficiency of wind In producing (he larger 
features of the landscape. Actual wind erosion (the natural 
sand blast) produces curious forms, toadstools, etc., in solid rock 
but they are rare and insignificant in comparison with ravines. 
The carving of rock, even in the desert, is all but universally the 
work of water.* 

This known work of water in arid regions makes it unnec- 
essary to appeal to wind as a major agent of erosion. There 
remains, however, the work of carrying away the products of ero- 
sion, and in a region of interior drainage this must be done by 
wind if done at all. The actual capacity of winds to deflate dust 
is known to be vastly in excess of all theoretical needs, so much 
so that if the average wind carries a very small fraction of what 
it is capable of doing the continent might be degraded faster than 

* For further discussion of (h« rock pediment are the following: Paig^ 
SiDNRr, Rock-cut Surfsces in the Desert Manges, Jour. <7col,, vol. XX, pp! 
442-460, 1912; Lawsom, A. C., The Epigenc Profile* of the Desert, Univ 
Calif. BuU., Dept. Geol. 8ci., vol. 9, pp. 23-48, 1915; Bryak, Kuik, Erosion 
and Sedimentation in the Papago County, Arisont, U. S. Geol. Survey 
BuU. 730, pp. 63-66, 1922; Black welder. Euot, Origin of the Piedmont 
Plains of the Croat Basin, Geol 8oc. Arner. vol. 40, 192D, 

• C. R, Keyes (see footnote, p. 333) greatly magnifies the work of wind, 
believing that U was the main agent in excavating the baains of this province 
and even in eroding the hard rocks. 
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runaing water is doing it.* No figures are available on what the 
wind actually (toes carry over a long period of time. Casual 
observation in a region of playas supports the belief that deflation 
is a very real process that must be reckoned with.* 

Some concave basins in this province are hard to explain except 
by deflation. Generally these "bolsons” are either elongated 
troughs between mountain ranges or segments of such troughs 
separated from the rest by low transverse swells, perhaps a few 
hundred feet high. Such swells may be transverse anticlines 
or fault ridges; or they may be alluvial fans; but there are cases 
where neither of these explanations seems applicable. The basin 
itself seems to have been lowered by some process. Solution is 
out of the question. As great clouds of dust are frequently seen 
rising from the central play a and disappearing in the higher air 
currents, there is a strong supposition that wind is an excavating 
agent where the material is loose and fine. The argument as 
here presented relates only to the local depressions. It may bo 
applied to these with or without nusing the question of the origin 
of the great ioter^range troughs. 

THE GREAT BASIN 

The Term “Basin.”— The name Great Basin was first applied 
by John C. Fremont who crossed this area in his expeditions of 
1843 and 1845. The term misleads many into thinking of this 
province as an area surrounded by a rim. There is no such rim 
surrounding the entire area, although there are within it about 
one hundred separate basins. Filling these with water would 
result in overflow from one to another and the water would escape 
to the sea long before the entire area was covered. Nevada 
is like Minnesota in having many basins. If the latter had the 

* Free, E. E., A Possible Error in the Estiroates of the Rate of Geologic 
Denudation, S^rienee, vol. XXIX, pp- 423-424, 1909; Uodem, J- A., Erosion, 
Transportation, and Sedimentation Performed by the Atmospheie, 

Ceol., vol. II, pp. 318-^1, 1394. 

* It must be acknowledged that the subiective element in soch cawal 
obeervationa is Urge. According to convictions already formed the iiuagmt* 
tion may see great quantities of dust exported or see it all caught on the 
mountains and returned by the next rain. Davis, ioc. cU., minimises t c 
work of deflation until the mountains are much worn down (presuina 3 
much lower than the present basin raises). By implication he would n 
favor the deepening of present bados by wind. His treatment of tae 
subiect is based on the assumption that the function of surface agencies 
is to destroy the basins, not to make them. 
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arid climate of Nevada, she would have desert basins and lakes 
without outlet. If Nevada had the rainfall of Minnesota, all the 
basins would overflow to the sea. 

Mountains of Nevada and Western Utah. — Throughout most of 
the Great Basin the mountain ranges have the character described 
above (pages 330^333) as typical. The ranges vary in si sc but 
lengths of 50 to 7S miles are common; likewise widths of 6 to 16 
miles. Perhaps the most frequent altitudes are 3,000 to 5,000 ft. 
above their bases and 7,000 to 10,000 ft. above the sea. While 
the prevailing trend is not far from north-soul h, a deviation to the 
east of north is more common than the opposite. Locally, as in 
southern Nevada, the trends are various. The total area of the 
section is about evenly divided between mountains and basins. 

Mountains of Southern Oregon.— A belt of 50 to 100 miles 
wide across the northern part of this province, chiefly in southern 
Oregon but lapping over somewhat into Nevada, differs in impor- 
tant respects from the country farther south. The mountains 
of this district are exceptional in being more simply and obviously 
monoclinal than those farther south. This is mainly because of 
the thickness of the relatively young volcanic rocks, fragmental 
below and covered by lava. Since no other rocks are exposed 
and the volcanic beds are undeformed except by simple faulting, 
each upraised block has a gentle dip slope and a steeper scarp 
slope. Moreover, most of the faulting in this district is rela- 
tively recent. Several of the larger ranges, Steens Mountain, 
for example, are much eroded but others have suffered relatively 
little.* In general the mountains in this northern district are in 
the youth of their erosion cycle whereas maturity prevails in the 
better known parts of the Great Basin. Most of these also are 
smaller, escarpments of several hundred to 2,000 ft, being 
common. 

The alluvial filling of the valleys is not known to be deep or 
extensive. Some of the basins receive sufficient drainage to 
maintain permanent lakes. 


Lakes 


Relation to Climate.— Most of the basins of the Great Basin 
never contain standing water, and most of the rest contain 


' Rcfl88LL, I. C., A OeoloRkal Rcconnamncc in Southern Oregon U S. 
<.eal Survey, 4lh Ann. Kept., 1882-3,' Wasino, Geiuu> A U S. G^L 
Survey, Wat. Sup. Pap. 220. 1908. ’ 
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mere play as. CertAin lakes, Pyramid, WinDemucca, Great 
Salt Lake, and others, are classed as permanent but all change 
greatly in area from month to month or year to year and no 
sharp line can be drawn between permanent and play a lakes. 
Honey Lake, California, North Carson Lake, Nevada, and Sevier 
Lake, Utah, all become dry occasionally. 

In the northern part of the Great Basin some of the lakes 
overflow and are fresh, as Klamath Lake at the foot of the Cas- 
cades. The rest vary greatly in area from lime to time. None 
are over 25 ft. deep and some are mere play as. These also vary 
in salinity, according to their several histones, from nearly fresh 
to more salty than the sea. Goose Lake, in California and Oregon, 
overflowed Into the Pitt River in 1869, four years before Great 
Salt Lake reached a maximum height. Silver Lake, Oregoo, 
disappeared and a crop was raised in Its bed in 1687 to 1888,' 
when Great Salt Lake was near a minimum, and was again under 
cultivation in 1929. 

Every lake without outlet rises and expands until its increasing 
area causes the rate of evaporation to e<)uai the rate of inflow. 
Hence the area of the lake is. In some measure, an index to the 
humidity of the climate. This, however, is true only so long as 
sedimentation has not constructed a flat within the basin. After 
that, the evaporating surface may be much larger than necessary 
but the lake comes and goes. It might be said that evaporation, 
on account of too great facilities, is working part time only. A 
strict use of the term play a lake would restrict it to cases in which 
this part-time arrangement has been reached because sedimenta- 
tion has produced a flat surface too large to support a permanent 
evaporating surface. It should be understood, however, that 
slow evaporation from the ground water continues in the inter vw 
between inundations.* In eastern United States where the 
annual rainfall approaches or exceeds 40 in., the evaporation from 
a constantly exposed water surface is generally less than tha 
amount, hence it would be impossible to have lakes without ou^ 
lets even if their basins were vertical-walled tanks. They 
overflow by reason of rainfall alone without inflow from the sides. 

‘These and other facta of interest concerning the Ukea of this ^irtnot 
are found in U. S. Oeol Survey, Wat. Sup. Pep. 220 by G. A. Wanng. 
Geology and Water Resources of a PoHk>n of Southwest Oregon, 1^- 

» Meinsbe, Oscab E., Map of Pleistocene Ukes of the Basin and Kang 
Province, Geol. Soc. Amer. BuB., vol. 33, p. 546, 15^22. 
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Great Salt Lake, on the other hand, has less than one twenty* 
fifth the area of its hydrographic basin and yet loses by evapora- 
tion all the water that drains into it. With sufficient intake to 
cause overflow, lake levels become essentially stable, and Utah 
Lake which discharges by the Jordan River into Great Snli 
Lake is thus permanent, and Humboldt Lake In western Nevada, 
though recently dry, has been fairly stable. 

Great Salt Lake. — The oscillations of the level of Great Saif 
Lake since the settlement of Utah, amount to more than 10 ff. 
The maximum area has been fully 25 per cent more than the 
minimum and the maximum volume 75 per cent more than the 
minimum.' The maxima and minima have not been equally 
high or low, nor have they recurred at uniform intervals. There 
is a very faint suggestion of a period approximating 35 years as 
in case of the Caspian Sea.’ 

As might be expected, the salinity of the water varies inversely 
with the volume of the lake.* In the high water of 187.3 the 
weight of the dissolved salts was only 13.42 per cent of the weight 
of the water. In the low stage of 1903 the salinity rose to 27.72 
per cent, The average percentage in the Dead Sea is about 25.* 
With even the lowest percentage here given. Great Salt Lake 
is about four times as salty as the ocean. The specific gravity of 
the lake water exceeds that of fresh water by 10 to 22 per cent 
according to the changing salinity. The buntan body therefore 
does not sink. 

Distribution of Lakes. — It should be observed that the distri- 
bu ti on of I akes in ( he Q real Basi n is far f rom unif orm . Free ip i t a- 
lion on the Sierra Nevada Mountains is sufficient to maintain at 
their foot a line of permanent lakes, Owens Lake in lal. 36®30' 
being the most southerly. In like manner the Wasatch Moun- 
tains and the High Plateaus support a line on the east, of which the 
semipermanent Lake Sevier (lat. 39®) is the most southerly. The 
interior basin ranges do not occasion sufficient rain and snowfall 

* Gils BBT, U. S. Gecl. Survey, Mwt. 1, pp. 243 and 316. 

>BnDcKNBR, E., “KJimMchwsnkungen 1700," Vienna, 1890. 
i^uming Brilckner'a 36*year cycle to be operative here, it ie probable that 
the chmato U influenced also by other cycles both abort er and longer. 
Hence maxima and minima of different cycles may reinforce or ncutmliac 
one another. The result to date is a curve of somewhat uncertain meaning. 

*Ebauoh, W. C., and McFaatAK®, Wallace, Science, 'ml. XXXII, 
p. 668, 1910. 

• " UniversAl Cyclopedia.” 
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to support permanent lakes south of the 40th parallei, but north 
of that, especially in Oregon^ are a number of permanent lakes, 
though in desert valleys.* 

The more southerly lakes of the Great Basin, like Mono and 
Owens, are more salty than the ocean and Sevier Lake (lat. 39®) 
is an unsteady body saved from intense salinity only by occasion- 
ally evaporating to dryness and then getting a new start. 

Streaus 

In considering (he streams of this province it is essential to 
remember, in addition to (he topographic features already 
described (1) that the precipitation Is largely on the mountains, 
(2) that it comes chiefly in the winter, (3) that there are no 
glaciers and no great accumulation of snow, hence the flow of 
streams is concentrated into a small part of the year closely 
following the larger rainfall and snowfall. Some streams on the 
mountains are perennial; others flow in the late winter and spring; 
sometimes in the dry season a small stream may flow by night 
but not by day.* Very few survive long in any season after 
reaching the plain. As summer advances, even the stronger 
streams arc progressively shortened in their lower courses. The 
Quinn River, long. 118® and near the Nevada-Oregon boundary, 
has a swift muddy current which carries it far into the desert 
while the snows are melting, but as summer advances it gradually 
shrinks back until it has lost 100 miles of its lower course. 

All the streams of any importance, except one, are fed from the 
high mountains on the east and west. The Humboldt alone 
derives its waters from the interior basin ranges, largely from the 
Ruby and East Humboldt Mountains, more than 10,000 ft. high 
and therefore exceptional. Leaving this source the river pursues 
a dwindling course for 200 miles and is lost. In the winter it 
reaches North Carson Lake, but shrinks back during the summer 
and stops at Humboldt Lake. This is the most important 
stream of the Great Basin and is foUowed by two transcontinental 
railroads. 

A characteristic of the desert climate, somewhat paradoxical 
it may seem, is the torrential character of the rains. It may 

*Cf. Meinzer, Oscsb E., Map of lieistoceoe Lakes of the Basu) and 
Raage Province, Ceol. Soc. Ajner. BviL, vol. 33, pp. 541-532, 1922. 

’ This occurrence is described by Davis, W. M., Mus. Comp. Zool. 
BuU., vol. 49, p. 39. 1905. 
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almost be taken as a general principle that the drier the climate 
the more is the rainfall concentrated into heavy showers or 
“cloudbursts.” During these, great channels may be torn out 
capable of carrying considerable streams but left dry after a few 
hours and not used again for years. The number of such dry 
c hannela or gorges is im pressi ve. They are frequent ly mist ak en for 
regularly used drainage lines of a former more humid time. Most 
of such inferences are unwarranted. There have been more 
humid epochs and there are some valleys which point back to 
such times; but the “arroyos” here described are quite as apt to 
be made now as then. 


Thk Landscape 

Seasonal Changes. — Excellent descriptions of seasonal changes 
in the Great Basin are given by Russell. ‘ Speaking of summei 
in central Nevada he says: 

On the desert vsileys the scenery is monotonous in the extreme, yet 
has a desolate grandeur of ils own, and at times, especially at sunrise and 
at sunaet, great richness of color. At midday in sumnier tlie heal 
becomes intense and the mirage gives strange delusive shapes to the 
landscape and offers false promises of water and shade wijerc the 
experienced traveler knows there is nothing but the glaring plain . . , 

As autumn advances, but little change appears in the color of the 
landscape, excepting, perhaps, s spot here and thei« of gold or carmine 
high up on the mouji tains, where a clump of aspens or of dwarfed oaks 
marks the site of a spring that trickles down and loses iUelf among the 
rocks. The valleys with their scanty growth of sage remain unchanged, 
as do tlie dusky bands of pines and cedars on the higher mountains . . . 

As winter approaches, the storms amid the uplands become more 
frequent, until every range is white as snow can make it, and the tent- 
like mountains gleam like the encampment of some mighty host. Long 
after they are covered, the valleys between are bare as in midsummer, 
and the snow seldoin lies upon them for more than a few days at a time. 
The highlands retain their snow far into summer, but on none of the 
ranges can it be said to be perpetual. In the valleys there are flower;^ 
i>eQeatli the sage brush by the middle of April, but from that time until 
November scarcely a drop of rain falls. For many days and sometijnes 
for weeks the skies are without a cloud- 

' ecological Hisloo* of Lake Uhonian, U. S. Geol. Survo' Mon II 
pp. 13-14. 
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Vegetation. — Most of the mountains of Nevada and western 
Utah are almost as desert as the valleys but a few have scattered 
piny on or dwarf cedars on their middle slopes or mountain 
mahogany in their sharper valleys. There is even a little yellow 
pine on some of the higher ranges. The distribution is not 
clearly according to altitude but rather determined by water, 
sun, and wind. There is no clear “timber line” here, but in 
general it may be said that only the straggling bush-like cedar 
and pinyon pass below 6,000 ft. at the south. 



Fio. 127.'— A group of Pleiatooeoe cinder oonM and baaalt fiowe eaat of 
Nevada. In the background are cueetM of Pleistocene tuff and other atratihod 
depoeita with thin basakt flow*. The foreground ahowa one of the ipore deaert 
aapecta of (he Great Baaiu. tPAofo and ini^prHaiiofi bv Biaakv^dtr.) 


Farther north in Oregon, the aridity is leas severe and pine 
forests descend to 5,000 ft. and even lower. Thus many of the 
ranges in this part are well timbered and are included in the 
national forests. Where living streams can exist in the basins 
their banks are generally lined with cottonwood trees. 

The almost universal habitant of this region is the sage brush. 
It is excluded only from the relatively small forest areas on the 
one hand and from the absolute deserts on the other. It may 
form thickets as tall as a man in favored localities or dwarf to a 
few inches on the desert mountains too dry for trees below and 
too cold above. 
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The companion of the sage brushy but less widely distributed 
in this province, is bunch grass, the most valuable plant in the 
province. Generally speaking, wherever water can be found for 
cattle, this grass is at hand for pasture. In many localities it is 
exterminated by overgrazing and then its place is quickly taken 
by plants of no value to man. 

Considerable areas must be classed as absolute desert. I'he 
best known is Great Salt Lake Desert west and south of Great 
Salt Lake. In northwestern Nevada, Black Rock and Smoke 
Creek Deserts cover hundreds of square miles. Carson Sink 
is another absolute desert; so also are all true playas (Fig. 137, 
page 379). Around such deserts there is generally a fringe of 
grease wood and other salt-tolerant plants. The desert pave- 
ments” in the southern part are without vegetation in proportion 
to their perfection. 

Shorics op Former Lakes 

Distribution and Appearance.— Among the striking features 
of the landscape in northern Utah and western Nevada are 
certain horizontal linos against the mountain sides easily seen to 
be the shore lines of former extensive lakes. These lines arc 
marked chiefly by sea cliffs and cut terraces on the headlands unci 
by long bars and beaches in the more protected valleys which 
were the bays of the ancient lake. The alternation of cut and 
fill often strikingly resembles the grading for a railroad but on a 
much grander scale. 

Features of this kind surround Great Salt Lake and overlook 
the best known parts of both Utah and Nevada. The Southern 
Pacific Railroad through Nevada runs for 165 miles over the bod 
of one of these ancient lakes and generally in sight of its shore 
lines. The Western Pacific leaving the same course at Winne- 
mucca follows another arm of the same lake through Black Rock 
and Smoke Creek Deserts. So also the Tonopah Railroad in its 
southeastward course, parallel to the Oalifomia-Nevada bound- 
ary, affords excellent views of these old shores near Walker Lake 
and elsewhere. 

Lake Bonneville Shores.— Of these former lakes, the one in 
western Utah is called Lake Bonneville. Great Salt Lake, Provo 
Lake, and Sevier Lake are its remnants. Lake Bonneville 
occupied an irregular branching area of 19,750 square miles, 
10 times the area of Great Salt Lake. Many of the basin ranges 
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of western Utah were islands or peninsulas id this lake. The total 
extent of shore line at its highest stage was 2,550 miles. The 
highest shore line, known as the Bonneville shore, is 1,000 ft. 
above Great Salt Lake or nearly a mile above sca-level. This is 
not the level at which the water stood longest or did the most 
work, but it is prominent because il is (he highest of all horizontal 
lines, the topography above being characterized by the steeply 
inclined lines of stream-carved forms (Fig. 128). 



F)o. 128.— I>ake 6onnc>*ille <hore ftt Drishain. Uuh. north of Otden and about 
five milee from Great Salt Lake. The lop of the out terrace ohowe u a Hsht 
line. The etoep front of this terrace ie a diff. out back when the lake atood at 
a lower level. The lowland ii ao old delta built In tba lake. Note the ravlnea 
above but not below the old abort line. ((/. 8. Geof. SarMy.) 


Ninety feet lower is another shore line, less bold but very sig- 
nificant in the history of the lake (page 362). The clearest of all 
lines is the Provo shore, about 375 ft. below the Bonneville shore 
or 625 ft. above Great Salt Lake. At this level are the boldest 
and most continuous cliffs and the broadest cut terraces. Here 
also are great deltas, almost wanting at the other levels. 

At various intervening and lower levels fainter shore lines 
may be discerned in favored localities, sometimes 20 or more in 
a single view.* Each marks a level which the old lake surface 
maintained long enough to do a little work on its shores. Near 
Great Salt Lake the prominent shore lines are well up the slopes 

* Davis, W. M., The W«aUh, GMi>'on. and House Ranges, Utah, 
Mus. Comp. Zool. BuU., vol. 49, p. 36, J905. 
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of the mountains, but farther away where the lake was shallower, 
the same lines are often found in the incoherent material of 
aQuvial fans like those now forming, At the lower levels of the 
lake much of the shore line was against such alluvial fans. On 
such shores very short halts in the falling lake level were 
registered. 

All these shore features, cMs, terraces, beaches, bars, deltas, 
etc., are beautifully preserved, largely because of the aridity 
of the climate, but partly because the time has been short since 
the withdrawal of the lake. In their present condition, not 
covered by water, and here and there cut through by a new ravine 
exposing their inner structure, these fossil shore lines otfer oppor^ 
tunity for investigation, bet ter in some ways than any to bo found 
on the shores of present lakes and seas.^ 

Of the nearly 20,000 square miles of the former Lake Bonncviilc 
about 2,000 remain in Great Salt Lake. The lowlands adjacent 
to this lake, especially the basins of the Bear River on the north 
and the Jordan River on the south, are the center of population 
and industry in Utah. A large part of the old Bonneville Basin 
west and southwest of Great Salt Lake is an absolute and irre- 
claimable desert. 

Lake Lahontaa Shores. — In western Nevada an area of 8,422 
square miles, embracing the best known parts of the state, bas 
features similar to those just described. This is the basin of 
former Lake Lahonlan.* It is of exceedingly irregular shape, 
ramifying among the closely spaced basin ranges or surrounding 
them as islands. Near Humboldt Lake in the lowest part of the 
Humboldt Valley, traversed by the Southern Pacific Railroad, 
the old shores rise nearly 500 ft. above the valley floor. The samo 
shore line is 530 ft. above Pyramid I>akc 25 miles northeast of 
Reno in the deepest part of the Lahonlan Basin. Pyramid Lake 
itself is 356 ft. deep, hence the total depth of Lahontan was 
886 ft. Three distinct terraces are seen, respectively 1 10, 320, 
and 530 ft. above Pyramid Lake. 

»U. S. G«ol. Survey, Mon. 1, Uke Bonneville, by 0. K Gilbcrf, is & 
clsssical treatise, not only on the urea here described but on shore features 
*n general. A large part of the data here given concerning this lake basin 
as well as many points relating to the Great Basin os a whole are taken 
directly or indirectly from Gilbert’s work. 

* I. C. lUwll has described this area in a work similar to that of GUbert 
on Lake Bonneville.— Geologic HistoTy of Lake Lohontan. II 8 Geol 
HiirNTy, Af/in. U. 1886 . • 
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R±&vut OP History 


Crustal DeformatioDS. — AH crust si defoimations are factors 


in physiographic history, the later ones because they affect relief 
directly, the earlier ones because they imparted the structure 
which has ever since conditioned erosion. The geologic dates 
of these are not important but are mentioned here because, in 
some cases, they afford a basis of inference as to the probable 
history of this province by comparison with that of others.^ 

The crustal deformation by which the rocks of the Great Basin 
were folded, faulted, and overthrust occurred mainly in four 
different epochs. Of these the oldest was post-Jurassic, most 
intense in the west and dying out in eastern Nevada. Farther 
east the deformation was largely post-Cretaccous. Strong 
compression in the mid-Tortiary (post-Miocene) with folding and 
overthrusting was specially felt in the southern part of the prov- 
ince. A final deformation at the close of the Tertiary was 
widespread but left its greatest effects in the west. 

It would be desirable, if possible, to classify these movements 
categorically into two classes, those whose direct topographic 
effects have disappeared, and those which still affect the relief 
directly; but such an attempt would involve the main question 
at issue in the Great Basin, i.e., to what extent the mountain 
ranges are In their first cycle of erosion. That the direct effects 
of post- Jurassic mountain making have long been erased will not 
be questioned. Almost the same Is true of the post-Cretaceous 
deformation. When it comes to relief made by post-Miocene 
deformation, questions are raised concerning its complete destruc- 


tion. Without doubt the Pliocene was a time of extensive pene- 
planing but students of some other western provinces believe that 
important relics of pre-Pliocene relief still remain. It may be 
doubted whether, in this most arid of the provinces, the work of 
base-leveling in that period was more complete than elsewhere. 
At all events It is mainly to post-Tertiary deformation that we 
must look for the making of mountains that are now in their first 
erosion cycle. 


^ It would be sufficient for the purpose here in hand to assume, as J. E. 
Spurr does, in Origin and Structure of the Basin Ranges, Ceol. 

BuU., vol. 12, p. 248, 1901, that deformation has gone on "steadily ^ougii 
BpasmodJcally from the ckwe of the Meeosoic until the present day, pr^ 
vided, only, that those deformations whose direct topographic effect stiU 
survives be distinguished from the rest. 
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Summary of Events.— Iq so far as the mountains are in (heir 
first erosion cycle the facts of physiographic importance are 
the following: After much folding and faulting of sedimentary 
rocks and associated volcanics, much or most of the surface was 
greatly subdued by erosion. To call the whole a peneplain 
would be unwarranted, but in places it was such; elsewhere it 
may have been rock pediment. The surface here referred to was 
locally buried by volcanic rocks, after which came the last great 
deformation, including faulting which has not wholly ceased. 



Im. 120.“UpUnd MrfuM o( ih* VirjrfnU RAni(«, Ut milM north oi Vjr«iriiti 
Uy. Nevadu. The view 9ho^t an old aubdued eroaion aiirruer whirh it oHunu^d 
to have been wid^read and at a relatively low level Wfore the preaent rnnaa 
waa faulted up. The laodaeapo here ahown ia eut off abrqj)tly by a very aleei) 
mount ntn aide due to faulting. (Pholo by 


The subdued surface was raised, tilted, and eroded but patches 
of it arc preserved beneath volcanic covers (Fig. 130). Some of 
the faults are so recent that (heir scarps, although generally 
eroded to maturity, form the slopes of existing mountains. On the 
tops of some such mountains arc old surfaces very much subdued, 
scarcely affected as yet by revived erosion (Fig. 129). These old 
surfaces are probably of later date than the widespread subdued 
surface mentioned above as preserved only under volcanic cover. 
No area has been found which is known to be part of that surface, 
Volcanic eruptions have occurred at irregular intervals espe- 
cially since the early Tertiary. There are some fairly fresh lava 
flows and several hundred young volcanoes, some of them abso- 
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lately fresh cinder cones (Fig. 127). Most of these are in the 
southwestern part of the section. 

Many of the ranges have reached maturity in their cycle of ero- 
sion. Correlative with the valleys carved in these mountains is 
the filling of the valleys. In an area of mountains and un drained 
basins duo directly to faulting, carving and filling are the two 



F:o. 130. — Diasninmjktie Motions »bowmj( the Uu histoxy of the Humboldt 
rpniori. Novadii. *9 intorproted by Goorge D. LouderbAck. Tbo atructuro la 
typicAl, not ropreaenilnf any p«rticu]ar acction. 

Tba Srat dlofram ahova the atnicturA) f««tur«a at the time of the outpounnff 
of the boaalt. The deformed aedimoatikrv rock* had beon epproxicnat^Iy 
penopUned and then covered by volcaoio roeka. 

The second dia^m ahowa the atniclure as affected by umple fauUlng. 

The third diafram ahowa the inferred mode of formation of aome minor features 
of the Humboldt Range. The raUeya are r e presented aa flUed wi^ alluvium 
and Quaternary deposits. Erodonal features omitted. {After Loudsrfroek.) 


indexes of progress. As already stated, some of the ranges are 
believed to be due to different ud erosion since the making of the 
great faults which now determine their fronts. In such cases the 
filling of valleys must be regarded as a minor incident, temporarily 
interrupting the dominant process which is erosion. 

AU escarpments should, of course, be retreating. When a 
triangular facet is spoken of as representing the original fault 
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plane a moderate retreat may be assumed as a detail. Weather- 
ing in an arid climate would in time reduce its slope to the angle 
of repose (36® or less) but after that its form might remain con- 
stant despite retreat.^ 

Causes of Pleistocene Lakes.— An increase in the size of lakes 
without outlet may resiilt from either an increase of precipitation 
or a decrease of evaporation, due perhaps to lower temperature. 
Id the glacial period no ice cap covered western United States, 
but the mountain glaciers expanded greatly. Both the Wasatch 
and the Sierras show abundant evidences of this expansion. 
Among the basin ranges, significant glaciers were limited to a 
very few ranges,* among which are the Snake, Ruby, and East 
Humboldt. It may well be assumed that the same climate 
which permitted an ice cap north of the Missouri and Ohio 
Rivers was marked by lower temperatures beyond the limits 
of the icc cap if no t also by greater preci pi ta t ion . I )i rect e vidence 
that the epoch of the former great lakes coincided with that of 
glaciers is found in the relation of the shore lines of ]^ke Bonne- 
ville to the moraines of the Wasatch.* 

The climate of that epoch was only relatively humid. For the 
greater pari of its duration all the drainage of the Bonneville 
Basin evaporated from a water surface covering less than a third 
of its area, and the drainage of the Jjihontan Basin for little more 
than a fifth of its area. It has been estimated^ that an annual 
rainfall of 20 in. would restore Luke Lahontan. When it is 
romombered that the Bonneville Basin had essentially its present 
topography, even down to individual gorges and alluvial fans, 
before the advent of the younger Plcistocono lakes, it will bo 
understood that, so far back as wc can see in the current erosion 
cycle, the climate was about the same as now. I'hc epoch of 
the great lakes was exceptional, perhaps mainly in being cooler 
but not of a different order. 

Stages of Lake Bonneville.— With the advent of the Pleistocene 
chmate, Uke Bonneville first began to fill its basin, rising over 
the debris fans and then against the mountain sides to a height 

' Thin subject is dincusscd more fully on p. 340. 

UlvMBLL, U. 8. Ocol. Survey, Moh. II, p. 260, 188.5. 

•Gilbert, U. 8. Gcol Survey, Mm. I, p. 318, 189a 

* JONBB, J. C., Science, December, 1914. On the climBte of the Great 
Uosin m Pleistocene time, see Oscar E. Meinier, Map of the Pleistocene 
Ukes of the Buin and Range Province and Ila Significance. Geol. 8oc. 
:.fDcr, Bvil. vol. 33, pp. 641-862, 1922, 
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of about 910 ft. above Great Salt Lake. In its rise, 10 or 12 
separate basins became confluent, as they again became independ- 
ent when it vanished. The lake remained long enough at approxi- 
mately its maximum height to make distinct shore features, but 
having no outlet, its level changed from time to time, hence its 
efforts were more or less dissipated at different levels, Aridity 
then returned and the lake dwindled or disappeared. It was 
during the highest rise in this epoch that the lake etched its shore 
line 90 ft. below the maximum rise.^ 

With the return of a favorable climate the lake again expanded, 
rising this time 90 ft. above its former maximum and flnding 
an outlet at Red Hock Pass on the north, thus reaching the Snake 
River by (he route since followed by the Oregon Short Line.* 
While standing at that level, the lake cut its highest or Bonneville 
shore line. The outlet thus found was over unconsolidated 
material into which the strong stream quickly cut its channel 
375 ft. deep. At that depth rock was encountered and the level 
of stream and lake became relatively stationary. At this level 
((he Provo shore line) (he lake stood longer than at any other, 
cutting its highest cliffs and broadest platforms and building 
its greatest beaches, bars, and especially deltas. The deltas are 
accounted for os follows: In its previous high stage, streams 
dropped their burdens either in the margin of the lake or in their 
valleys above. In either case they were above the Provo shore 
and were carried down into the lake to make deltas during the 
long halt at that level. 

From the topographic features of each epoch it is clear that the 
post-Bonneville time has been short in proportion to the Bonne- 
ville epoch and that the latter was very short in proportion to the 
pre-Bonneville erosion cycle. It likewise appears that the dura- 
tion of the first rise of the lake was five times that of the second 
rise, and that the inter-Bonneville epoch of desiccation was much 
longer than the post-BoDoeville.* 

Stages of Lake Lahontan. — The history of Lake Lahontan is 
in the main analogous to that of Lake Bonneville. Its first rise 

I Gilbert, G. K., toe- di., pp. 199 »nd 316. 

’ Guidebook, the Overland Route, U. S. Geol. Sumy, Bull 612, p. 

1916. . 

» Gilbert, G. K, foe. ctT., p. 316. Interwting quantitetive eetimatea ot 
time involved In the making of Great Baain topography are given by W. M 
Davis, The Baain Range Probtem, Pw- Nat. Aoad. 8ci., vol. II , PP- 
392, 1925. 
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waa over alluvial fans and desert -carved mountains, having mucfi 
the same appearance as at the present day. Like Lake Bonne- 
ville, the lake rose not quite to its later maximum, stood long 
enough at that level to cut bold cliffs with rock shelves locally 
200 to 300 ft. wide, and then disappeared, perhaps entirely; then 
rose again, in a shorter epoch, a Utile above its former height- 
But Lahontan never overflowed. During the rise to this second 
maximum (here were two slops of sufficient duration to cut 
strong shore lines. Other halts, both rising and falling, arc 
marked by faint and local lines. 

The fossil shores of Lake Lahontan are marked by the usual 
topographic features and also by great deposits of calcareous tufa. 
At each of the long halts a distinctive kind of tufa was formed * 
The coating of tufa is locally so abundant as to distract nt lent ion 
from the primary feature, which is the shore line itself, The 
vicinity of Pyramid Lake, with its sleep and picturesque slopes 
and islands, is especially rich in shore forms and tufa deposits. 
Some islands are of bedrock, heavily and fantastically covered 
with tufa. Other islands and crags, one hundred feet or more 
in height, consist entirely of tufa. 

Freshening of Recent Lakes.— The waters of present lakes in 
the Lahontan Basin, while not fresh, are by no means the stiong 
brines which would be expected if these lakes be considered us 
shrinking remnants of a former great water body. To explain the 
relatively fresh waters of the present time it has been suggested* 
that the former waters in such basins were evaporated to dryness, 
thus precipitating all the mineral matter, and that (he present 
lakes have appeared since such desiccation. 

In the case of Pyramid Lake It has been pointed out that o 
rise of 70 ft. would cause it (o overflow to Smoke Creek Basin. 
Evaporation and concentration would then take place in the 
latter basin while the waters of the upper basin would freshen. 
Strangely enough a still higher water level, causing the two lakes 
to merge without an Intervening current, would again mako 
Pyramid Luke salt. With partial desiccation again, the divide 

* JONBH, J. C., Origin of thr Tufa* of Lake LshonUn; alwtr., (;col «oc 
Amcr. Buii. vol. 26, p. 302, 1915. It appears that all tiie tufa tiorwsits 
arc duo diiwtly to work of bluo-grocn algx and not to saturation of the 
water, although at one stage, and only one (that of the Thinolkc terraced 
the water was actually saturated with calcium carbonate. 

* > P« 224, refers to Gilbert’s expUnation for parts „f 

the Bonneville Basin. * 
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would be once more uncovered, the level in Smoke Creek Basin 
would fall first, the interlake current would again appear and 
Pyramid Lake would again freshen. Somewhat paradoxically 
both Provo and Humboldt Lakes, now kept fresh by overflow, 
were salt during the more humid Pleistocene when the Bonneville 
and Lahontan levels rose above their rims. In the case of Provo 
Lake, exception must be made of the time during which Lake 
Bonneville overflowed. 

It is probable that Pyramid Lake was freshened in the manner 
here described* but the level of the Lake in Smoke Creek Valley 
never rose to the divide. It is certain that Pyramid Lake 
overflowed at no very remote time. The channel to Smoke 
Creek Desert is well preserved. Owens Lake once discharged 
into the basin south of it and may then have become fresh; 
but the subsequent desiccation of Owens Lake has been much 
greater than that of Pyramid Lake, The former has fallen 220 ft. 
since overflow and occupies but a small fraction of its former bed. 
Accordingly, its waters are very alkaline. 


Resources oe the Great Basis 


Mineral Resources.— One of the chief matters of economic 
interest in the Great Basin, namely the search for potash salts,* 
is connected with the factors that control the salinity and desicca- 
tion of lakes. The basins where such accumulations are likely 
to be found are those which have been centers of evaporation for 
the largest drainage areas and for the longest time. These cm 
only be determined by a complete unraveling of the physiographic 
history, taking into account the basins determined by geologic 
structure, the subdivision of basins by alluvial fans, overflow of 
water or detritus from one to another, the coalescence of lakes 
when divides were submerged, and their separation again in 
consequence of greater aridity. The search for potash deposits 
in this manner is a problem of economic physiography, but the 
method of the prospector may succeed first. 

A less physiographic phase of the problem arises from the 
fact that in order to be commercially valuable, the salts sought, 
for example potash, must have been to some extent segre- 


‘ Gale, Hott S., Scienctj vol. XLI, p. 209, Feb, 6, 1915. 

» Fhee, E. E., The Topoffaphic Features of the Desert ® 

United SUtes with Reference to the Possibilities of Occurronce of Potosn, 
U. S. Dep, Agr., Bull. 54, 1914- 
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gated, i.€., kid down by themselves, and not indiscriminately 
mixed with others. Potash deposits of considerable value arc 
known at Searles Lake, California. Others are being sought by 
applying the principles mentioned above. Owens Lake is said 
lo be so concentrated that bicarbonate of soda precipitates natu- 
rally during the winter. Soda is now being extracted from its 
watei-s. ‘ Among the commercially valuable deposits of the playas 
are the great borax deposits of Death Valley, California. These 
have not been buried by sediments. These long-famous deposits 
are not now mined because richer deposits were found in Miocene 
sediments covered by gravel in the Mohave Desert. 

Gold and silver are mined in a number of the basin ranges. 
The Comstock Lode (chiefly silver ores) at Virginia <*ify, Nevada, 
which first became known (o the world in was one of the 
richest deposits of the precious metals ever discovered. It was 
worked on a large scale in the two decades which followed. It 
was largely on this account that the population of Nevada 
Territory rose to nearly 70,000 and (hat Nevada was admitted 
to the Union as a state. With the depletion of this group of 
mines the population of the state gradually decreased In the 
census of 1900 it had but 42,335 inhabitants. Other mining 
districts have since proved profitable, and the population to be 
credited to that industry has again increased.^ 

Agriculture and Grazing.^ With the exhaustion of (he humid 
farming lands of the public domain and settlement of the western 
part of the Great Basin by miners, the valleys of the Humboldt 
and of the throe main streams from the Sierra Nevada the 
fruckce, the Carson, and the Walker Kivers, were rapidly 
occupied by irrigated farms (Fig, 131). Agricullu«> was made 
possible on a much larger scale by (he work of the United States 
Ikclumation Service in the Truckce and ('arson Basins in the 
first decade of the century. These farm lands in Nevada are 
Kupp 10(1 with water by rain and snow which fulls mainly in 
nnollior slute and in another physiographic province 

The lino of valleys at the cast foot of the Sierra Nevada 
extending southward and including Mono and Owens Lakes' 
affords much irrigable land. It is estimated that the Owens 
Hiver receives from the mountains 400,000 acre-feet of water 
per year. It was chiefly the use of water from (his stream for 

‘Lee, WiiAtsT., II 8. Geol. Survey, Wat, Sup, Pap. 181, p. 21, 190rt. 

Ihc poimJalion of Nevada in 1930 was 90,5.S9. 
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irrigation that caused the level of Owens Lake to fall 16 ft. in 
the decade preceding the year 1905.' 

In like manner the eastern edge of the province is irrigated 
from the rain and snow which falls on the Wasatch and Uinta 
Mountains. These waters reach the lands on which they are 
used, largely by the Bear, Weber, and Jordan Rivers. This is 
the chief agricultural district of the Great Basin and one of the 
principal irrigated districts of North America. 



Fio. front of the C*r»pn Ran*r. overlookine Careon VaUey. 

Nevada. The ba«e of thie range b marked for many mllea by fr«h faulting. 
The flat Caraon Valley eevernl miles wide is (he most important agHcultursl 
area in Nevada. A part of iU western uargiQ is swampy as though thrown 
down by reeeut faulting. {Lottdrrhaek.) 

In the lake district of southern Oregon are some important 
irrigated areas deriving their waters from the basin ranges. The 
irrigation of several hundred thousand acres near Klamath Lake 
is one of the most important projects of the United States 
Reclamation Service. South of Oregon the only irrigation of 
importance from streams originating in the Great Basin is from 
the headwaters of the Humboldt and its tributaries in north cen- 
tral Nevada, but most of the ranches thus watered are widely 
spaced and can scarcely be said to constitute a community. 

Grazing is the most widespread industry and probably destined 
to continue the most important when the resources of the province 

(Let, WiLUS T., he. eiL,p. 19. 
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shall have been fully realised. Where water is available grass is 
the limiting factor, but some grass is not available because of the 
distance to water. In parts of Oregon there is good reason to 
hope for success with artesian wells,* not necessarily flowing, but 
affording water under pressure from deeply buried sandy beds 
as in Washington (see page 256). It may thus be possible to 
extend the range for cattle by establishing drinking places at 
suitable intervals. 

Owens ^'allcy is believed to be an artesian basin but the extent 
of the yield of water cannot be fairly estimated. Doubtless there 
are other similar basins but at best the supply (s smell in propor- 
tion to the need. 


SONORAN DESERT 

Extent and Distinguishing Cbaracteristjcs.^-The term "Sono- 
ran,” long in use with a biological significance, is taken from the 
state of Sonora in northwestern Mexico, whose western half 
belongs to this section. The Sonoran section as hero defined 
includes also the Gila Desert of southwestern Arizona and the 
Mohave Desert of »outhea.stem California (Fig. 132). 

In common with the Great Basin, this extensive area is 
characterized by basin ranges and inter%'ening desert plains. In 
contrast, however, the altitude is lower, the ranges are smaller and 
occupy not more than a fifth of the area. Rock pediments arc 
much more prevalent and undrained basins are less general. 

An insignificant portion of the plain surface lies above 3,000 
ft. and more than half of it is below 2,000. A large fraction lies 
between sea-lcvel and the 1,000-ft. contour. In a very general 
way the level declines from alJ directions toward the Gulf of 
California. 

MounUms.— The mountain ranges arc of all sizes from mere 
hills or buttes up to ranges rising 4,000 ft. above the sea. A 
minority of these in the Arizona portion have been inlerpretod 
as fault blocks.* These arc mainly near the margin of the 
Mexican Highland. Most of the ranges, especially the smaller 
ones nearer the Gulf of ('aJifornia,* are without the straight base 

* Wariwo, U. 8. Geol. Survey, Wat, Sup. Pap. 220. 

! 8«nro>\ BuU, 730, pp. 36, 66, and 83, 1022. 

McGke, W. J., 81. ect flood Ertwion, CSpoI Soc. Awor. Ruli, vol. K, 
pp. 03^6, 1897- MeCSee deaeribos these mountaiiw bjk lmvi»E tho foutun'> 
M rwiduala nftcr long cr«ion without reference to the i«rtlc'ular n.o*le ol 
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Pw». 132.— Iiid*K msp of th« Sonoron l>*wt ond adjocont section*. (Drawn by Cuy-Harold Smith.) 
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lines and other features {page 333) relied on as evidence of fault 
origin. These consist largely of granite and volcanics and have 
not the pronounced parallelism of those basin rangers whose 
history is clearer, p'or aught that is known most of them might 
be residuals of a long erosion cycle* (c/. Fig. 126» page 346), 

Despite the negative character of the evidence, the association 
of these ranges with those of the Great Basin, their similar 
distribution, and the fact that old block mountains should have 
the features of these, create a tendency to extend the interpreta- 
tion of the Great Basin to this area. The physiographic develop- 
ment of mountains in their later stages would be much the same 
whatever their origin.* 

Basins.— Undrained basins are here known as “bolsons,"* 
Some of these, like some in Nevada, are deeply filled in their 
central parts, apparently with wash from the mountains. The 
evidence for this is the same as in the Great Basin and subject to 
the same possible error in interpretation, namely, the confusion 
of older sediments with recent wash. Well borings near Phoenix 
have gone 348 ft. in loose sediment,^ and others, near Tucson, 
500 to 1,800 ft. deep, failed to reach the rock floor.* 

While the area occupied by mountains is smaller in this section 
than in the Great Basin, the extent of rock platforms, bare of 
detritus or only thinly covered, is correspondingly large. It is 
estimated that, of the entire area of southwestern Arizona and 
northwestern Mexico, on^fifth is occupied by mountains, two- 
fifths by rock platforms, or mountain pediments, and the remain- 
ing two-fifths by deposits of detritus.* If all detritus were 
mmoved the mountains would have the appearance of being 
two-thirds consumed by some agency eating away at their flanks, 
shaving them off to nearly horizontal platforms. 

SUge of Physiographic Development.-Several characteristic 
features of the Sonoran section suggest that the normal develop- 


* Mexican word Sot purae. 

* ^ Sup. Pap. 136, p. 104 {905 

rVpoaition in the Southern Arizona BoIhoq 
itegion. Jour OecL, vol. XVII. p. 140, 1909. 

* McCrBB, W. J., lor. at., pp, 91 and 109. 
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ment of the arid cycle has proceeded further here thao in the 
Great Basin. The greatly eroded roountiun forms, the striking 
development of rock plains and the union of basins in a common 
drainage system, are all features toward which the Great Basin 
is tending (see page 345). However, even if age be disregarded, 
it cannot be affirmed that the histories of these sections are alike. 
Some facts are already known to (he contrary, but the assertion 
may be made that if their histories are otherwise alike and their 
ages different, their topographies should differ in the manner 
observed. Whether or not (he Sonoran section ever was like 
the Great Basin, the Great Basin will some day be like the 
Sonoran section in these essential respects, always providing that 
the present cycle be not interrupted. 



FiO. in ihe protion o( « tyj)ic&l bIo«k mounUin In itt Ant cycle. 

In (1) the buc of the fault aciirp ■» in ccncral fan’free but locally fanJtatttK 
lo (2) tbo Korjieo arc auflickntly developed to divide the face into apurs oo whoas 
eoda trionitulor (occta are prmr^‘ed. On account of the accumulated detntua 
in tho valley cnoutha the front ia called fait^rnird. In (3) the trionicular facata 
are loat and the apur enda rounded off but their poaition alill marka the nearly 
atraight line of the former bate: (ha detritua-Alled indentaliona ore getting largo 
and the front la now /oii'bopad. In (4) the apura are irregularly worn back and 
cut by tributary gorgea: (he front and no longer atraight. In (5) 

Bome of the former apura appear aa deiached fragcpcnU which are /an~vrappfd, 
aa the remnanta of the range itaelf become at a later aUge. In (A) tho raountaina 
have practically diaappeared and the aurface ia in ita pan-fan atage. 

Prae. Nai. Aead. Sai., oof. XI.) 


Drainage. — In describing the Great Basin, stress was laid 
on the independence of the drainage basins, the goal of drainage 
in each being a central playa or sink, toward which all slopes 
tend. In parts of the Sonoran section the same law holds. 
There are many such basins in the California portion and in 
southeastern Arisona. Much of the region here considered has 
no such centripetal drainage. The mountains di\ide (he plains 
into more or less distinct parts commonJy called “basins” but 
many of them are without central depressions. Instead of that, 
the slopes of one such basin lead into other basins and thus by 
devious courses to the sea.' That most of the area fails to send 

* Bryan, Kiri: U- S. Geol. Survey, Buil. 730, p- 66, 1922. 
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drainage to the sea is, therefore, not due to (he direction of its 
slopes but to aridity. The area in which the drainage is most 
integrated is, in general, the area in which rock pediments occupy 
the largest fraction of (he total surface. 

The behavior of running water In a region of this character 
presents some peculiarities. In the mountains it is much the 
same as in other climates except for the suddenness of the floods 
rushing down rock*wal]cd ravines which are usually dry. In 
many cases these ravines are almost as free from rock waste o.s 
from water 

Such a rocky ravine may be continued for some distance out 
on the Piedmont slope in an arroyo (Mexican term for a sharply 
incised channel that is usually dry). C'ommonly the arroyo 
shallows and disappears before reaching the axis of the basin. 

Where the basin is incompletely rimmed it follows that no 
playa can be formed. If the slope leading to the next basin has 
a gradient of more than 15 or 2u ft. per mile, the axis of the basin 
may be occupied by a ^^wash.’' Such a wash is the channel of 
an occasional stream, perfectly flat in cross-section but bounded 
at places by almost vertical banks of alluvium. The channel 
may be as wide as a great river and yet be used but once in many 
years and never carry a stream 50 miles long, Instead of being 
loss desert than the adjacent plain it is more so for the occasional 
torrent leaves only the coarser materials in its bed. •• During 
most of (he year nine-tenths of the few streamwuys are broad 
wastes of barren sand, the most forbidding lines of the desert often 
littered with the skeletons of famished slock. Nevertheless 
even these forbidding lines are not wholly without significance 
when water is being sought. At least (hey follow 1 he lowest line 
in the valley, hence ground water may sometimes be reached by 
digging in those sands when it is inaccessible elsewhere. Even 
(he skeletons indicate that cattle staked their last efforts on 
finding water here. 

Sheet Floods. — This region also affords Ihc phenomenon 
of the “sheet flood,'* not known in humid lands and nowhere else 
«n the United States so Important as here. In (his phenomenon 
the water from a cloudburst, occurring cither on the plain or in 
the hills, runs over the gently sloping plain in a sheet; It may bo a 
few inches thick or even two or three feet. As may be Imagined 
it churns up the loose material of the surface so that it is at every 

* McGee, loe. cii., p. 98. 
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step loaded or overloaded with detritus. It therefore filb incip- 
ient channels as fast as they are formed- The real reason for 
flowing in a sheet is not the excess of water but the inability to 
form channels. As the water is constantly being absorbed, a 
great sheet flood may disappear within a mile of its origin. 

To produce such a moving sheet of water it is evident that the 
rainfall must be very rapid and equally evident that the nec- 
essary topographic condition is a sloping plain; but given both 
these conditions, a sheet of water would quickly resolve itself 
into streams if not supplied at all times with all the load it could 
caiTy. Overloaded water cannot scour enduring channels, for 
any chance beginning of scour is at once undone by deposition. 
The basic condition is climate. Given long continued aridity in a 
mountain country, a cycle of changes will, no doubt, follow in 
which cycle the present combination of circumstances favorable 
to sheet floods marks one of the natural stages. 

Much stress was laid by McGee ^ on the work of sheet floods. 
It is obvious that the mantle of detritus would be urged down the 
slope and that if the entire mantle were moved the rock floor 
would be abraded. In this way McGee explained the reduction 
of rock knobs to the common level. He also ascribed to such 
floods an important share in cutting against the mountain base 
and steepening its slope by a kind of retrogressive or headward 
erosion, thus causing the sharpness of angle between mountain 
and plain to increase with time. Others lay less stress on sheet 
floods in modifying topography, believing that sheet floods are 
related to the topographic features as a result rather than a 
cause.* 

A process tending more directly to cut iway the mountain 
base is the lateral swing of streams resulting in planation.* This 
tends to shave off all interstream areas to the level of the stream 
channels thus extending the rock pediment. The torrents which 
occupy the ravines of such desert mountains may well be imagined 
as very efficient in this work of planation as soon as they have 

»L<k.cU., p. 109-110. This well-known pnper on sheet floods should be 
considered in connection with BUckwelder's more recent study of mud 
flows, Geol. Soc. Araer. BuU., vol. 39, pp. 455-484; and via verta. The ratio 
of solid matUr to waUr may be almost anything. 

» Paioe, SxDitBT, Rock-cut Surfaces in the Desert Ranges, Jour. OaL, 

vol. XX, p. 450, 1912. . . 

* Gilbert, G. K., Geo'ogy of the Henry MounUbis, U. S. Ceogr. sdq 
G eol- Survey of the Rocky Mountain Region, p. 120, 1880. 
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reached the level at which they are no longer able (o cut down. 
Such torrents may become sheet floods on reaching the pediment. 

Mohave Desert. — In most respects the description of the 
section as a whole suffices for the California portion. It is a 
land of broad pediments surmounted by much wasted mountains. 
Here, however, the drainage is mainly to enclosed basins except 
near the Colorado River. Small ranges of bare mountains 
separate the basins whose centers are marked by "soda lakes," 
"borax lakes," "dry lakes," and "alkali marshes." 



tifi. J34.— Coyou Well; one p( the eourm ol wetor Ia the ^^oha^-c Dceer^ 

ThraUKh ftn area pf SO, 000 aquare mUea the UniKHj Slate* Oroloeleal Surve 
naa Iletol atiU mapped all the plaee* *i wHleh it la pnaaihle to ohuiu water. 1'h 
water m th^ tarll lUmia 15 ft. below the aurfaec and ia alliJiily hrackiali bu 
fairly ohundant. The nearcat water in one dlreelwn i* 14 h,i\P9 away untl ij 

^ •ectioft watering )>lacc8 ma^ 
be 30 to 50 nulea apart. (U. 8 . 0«rf. Surwy.) ^ 


The principal stream, and almost the only one, is the Mohave 
River, descending from the San Bernardino Mountains and 
pursuing its stealthy course 100 miles north and east, hiding 
most of the time beneath its gravel bed and coming to light only 
where forced to the surface by impervious rock. Like the Hum- 
boldt of Nevada, it guides transcontinental railroads. It is lost 
at lust in the soda lakes. 

The western end of the Mohave Desert (callwl Antelope Valley) 
eontains soots in which ground water rises under artesian 
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pressure. Here there is a substantial supply of pumped water 
for irrigation.^ 

Gila District. — East of the Colorado River enclosed basins 
are less general. Most slopes, however arid, may be followed to 
the sea. The Williams River (lat. 34^15') carries water derived 
mainly from the Colorado Plateau or the bordering strip of 
Mexican Highland. So also does the Gila. South of that for 
600 miles no living stream reaches the sea despite the favoring 



Fjq. 135.— Kmh lava flow and cinder cone in the hlohiva Deeert. The 
cinder cone ie Mount PiejKah nctr Bnntow. CshtornU. The ropy surface of 
the lava Id the foreground shows brokao bJisCm and ca\*eros. ((/. S. fM. 
Sunejf‘) 


slopes and despite the lines representing rivers on the maps.^ 
Between the rather small and scattered mountain ranges, the 
several plains are known as basins, but many of these are now 
connected by continuous slopes. 

Portions of the Gila Valley near where it emerges from the 
Highland, and therefore where the stream carries most water, had 
been irrigated and cultivated by Indians from time immemorial. 
A great area in this valley and a stdl greater area in Salt River 
Valley surrounding Phoenix are now reclaimed for agriculture by 

‘ JOHKSOM, Harrv R., Walor Resources of Antelope Valley, Caiifomia, 
V. 8. Geol- SurN'ey, Wat Sup, Pap. 27S. 1911. 

* McGee, W. J., loe. cU., p. 9L 
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the construction of da ins and the storage of flood waters in the 
Highland to the east. The Koosevelt Dam and Reservoir, on 
the Salt River 75 miles above Phoenix, are among the largest 
in the world. The area thus made fertile produces cotton and 
also fruits similar to those of southern (.'alifornia. 

The Valley of the Colorado. — The immediate valley of (ho 
Colorado below the Grand Canyon seems to bear no relation to 
the slopes of mountains and basins which lie in its way. That 
stream passes in succession through a half dosen or more bolsons, 
separated by mountains through which (he stream has cut deep 
apparently very young canyons.* The river might avoid most 
or all of these mountains by following ready-made valleys which 
are known to be filled with unconsolidated sediments to great 
depths. From a study of the valley filling and the river’s courw*, 
Lee concludes’ that (he river once followed such a course through 
the detritul Sacramento Valley which it first enlarged and later 
filled with its own gravels. However, as only a thin surface 
sheet of gravel is known to be horisontal, and the beds below 
it have dips as high as 30 deg., U is plain (hat the filling of 
these valleys occurred before the last folding. This thiows back 
the making of these valleys into an older cycle in which the lines 
of drainage arc little known. The alternation of degradation 
with aggradation occurred several times, and aggradation at 
some time seems to have been so extensive as to bury many of 
the present mountain ranges and superpose the river in its 
present course. As similar superposition is noted in the case 
of the Salt River,* it is apparent that this region has had a com- 
plex history of crustal movements or climatic change, or both, 

As far as to the end of the fourth (Black) canyon, 80 miles 
from the mouth of the Grand Canyon, (he Colorado is a swift- 
flowing stream falling five feet per mile. Between that point 
and Yuma, Arizona, 150 miles to the south, the stream flows more 
leisurely though not without occasional canyons. In this dis- 
tance its flood plain affords 375,000* acres, nearly 600 square 

' TJje third of these is the now fitmous Doalcler Csnvon: Black Canyon is 
the fourth. 

’ Wjlli» T., Ooologic Rceonnaisnnee of a Part of Western Arizona, 
U. S. Geol. Survey, 352. 1908; also G«)lo<iy of the Lower Colorado 
Kiver, Cool. Roc. Amer. B\M., vol. 17, pp. 275-2fM, 1906. 

* Lee, Watts T., U. S. GcoI. Survey, Wal. Sup, Pap. 136, p- 125. 

* LkK, WiLLi« T., U. 8. Oeoi. Survey. BuH. 352, p, 75. 
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miles, of irrigable land. This is mainly below the mouth of the 
Williams River where the Colorado seems to have found its old 
broad valley. 

Companson with the Nile. — The Colorado is sometimes called 
the Nile of America. Its chief points of resemblance are: 
(1) an annual flood at a time when the water Is useful for irriga- 
tion; (2) the vast quantities of mud carried and left on its flood 
plain; (3) both are perennial streams flowing through arid 
regions by reason of ample supplies at their headwaters. The 
floods of the Colorado come in the early summer, May, June, or 
July, and are fed by the rains and snows on the mountaizu during 
the late winter. 

In the muddy character of its waters, the Colorado agrees 
with other desert streams. Absence of vegetation, torrential 
rains, and strong dust-laden winds, all help to give the high mud 
content, and evaporation tends to make its proportion still 
higher. The proportion of suspended matter to water is some- 
times I in 50.^ Seven-tenths of 1 per cent is believed to be 
the average.^ The stream is therefore thirty times as muddy as 

' FasEUAK, W, B., and Boursa, R. H., Surface Water Supply of the 
United States, U. S. Ceol. Survey, Wai. Sup. Pup. 24d, p. 34, IdlO. 

The following compariaona of the Nile, Colorado, and Susquehanna, taken 
from Freeman and Bolster, are inatnieiive ; 



Nile 

Colorado 
(Uken aal) 

Susquehanna 

Drainage area 

6.7 

1 

0.12 

Rainfall in basin 

8.8 

1 

4.50 

Runoff per square mile. . 
Ratio of run-off to total 

1.9 

1 

37.00 

rain 


1 

8.20 

Dischaige 

Maximum flow in second* 

10.8 

1 

4.50 

feet 

353.000 

70,000 to 

200,000to 

Minimum flow in aecond* 

about Sept 1 

100,000, May, 
June, July 

400,000, March, 
April, May. 

feet 

14, 500 about 

2,500 to 

2.500 to5, 000 


May 30 

3,000 January 
to February 

September to 
October 

Mean flow in second-feet. 

115.000 

10,700 

43,000 


» LaRtc. E. C.. V. S. Geol. Survey, Wat. Sup. Pap. 395, p. 222, 1916. 
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the Ohio. The sediment carried annually is equivalent to a 
square mile of dry earth 125 ft. deep. Most of this silt is left 
in thick films on the fiood plain by the azmual floods, but a 
minor fraction is carried out to sea. 

Unfortunately, much otherwise good farm land In the lower 
basin of the Colorado lies too high to be watered from the river 
except by means of pumps. These are used to a limited extent. 
In addition to cotton and alfalfa, the fruits which characterise 
southern California may be grown. 



Via. tiwfft in tbe Colomdo Dwl Ttvu«h) southern 

C nlifurnk. (IV- C. V. S. Onsl, .SHm-y.] 


SALTOIf BASm 

Near the southern boundary of California and 80 to 90 miles 
north of the mouth of the Colorado River, at the head of the 
Gulf of California, is the Salton Sink, a depression 273.5 ft. 
below sca-level. It is the topographic center of a great concave 
basin, having an area of more than 2,000 square miles between the 
Coast Ranges on the southwest and the Chocolate Range on the 
northeast. Between these ranges the basin runs northwest 
almost to the 34th parallel, followed for more than 150 miles 
by the Southern Pacific Railroad. 

At a former geological time this down-warped or down-faulted 
area was u part of the Gulf of California into which the ('olorado 
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River discharged at Yuma, 60 miles above its present mouth 
and 150 miles below the head of the gulf at that time. It has 
been thought that the rapidly growing delta of the muddy river 
spread westward across the gulf and rose in a great alluvial fan 
with its apex at Yuma and its lower edge against the Cocopa 
Mountains on the western shore. The dam thus formed rose 40 
ft. above the level of the sea. It is quite as probable that the 
entire area was above sea-level when the alluvial fan was built. ‘ 
As is the habit of streams on alluvial fans, the Colorado flowed 
now in one direction, now in another, from the apex, discharging 
at times into the basin to the north. At one such time the basin 
filled to the level of the dam and, while at that level, cut cliffs 
and built beaches which remain almost intact. When the 
(Colorado drained again to the Gulf of ('alifornia, the laic e quickly 
dwindled and disappeared by evapoialion. The run-off of the 
basin itself is not sufficient to maintain a lake, however small. 
Within historic times there have been many natural discharges 
of the Colorado into Salton Sink,’ (he last being in 1891. 

Part of the water of the Colorado has been diverted by a ditch 
below Yuma and used to irrigate the Imperial Valley on the 
north side of the great alluvial fan. In 1904 to 1905 occurred a 
winter flood (not usual in the Colorado) and this was followed 
by more than ordinary summer floods in 1905. The Imperial 
Ditch, having an excessive gradient and having no proper head- 
gate to protect it against erosion, began to be scoured and 
enlarged- In July, 87 per cent of the Colorado's flow was 
pouring through the ditch and by way of several generally dry 
"washes” to the reappearing "Salton Sea.” Thus a fresh-water 
lake was formed in the bottom of the basin. The break was not 
finally repaired until February, 1907. By that time the depth 
of the lake was 67.5 ft. and its area 443 square miles. Had this 
lake risen to the point of overflow (40 ft. above sea-level) its 
area would have b^n about 2,100 square miles. It is probable 
(hat before reaching this area, evaporation would have equaled 
the entire inflow of the Colorado River. 

• BuwALDA, John P., and Santon, W. L., Geological Evenla in the HiBtory 
of the Indio Hills and the Saltoo Basio, Science, vol. LXXl, pp. 104-106) 
1930. 

> Freeman and Botaren, V. 8. Geol. Survey, WoL Sup. Pap. 249, p. 49; 
MacDoooal, D. T., The Salton Sea, Carnegie Inst- 193, p. 19, 1914 
In 1891 the lake rose so high as to endanger the tracks of the Southect. 
Pacific liailroad. 
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When Inflow was stopped in February, 1907, evaporatioi. began 
at once to reduce the lake, In the five years following, (ho level 
fell 25 ft/ This fall of five feet per year is somewhat less (ban 
the annual evaporation, for it received some water from the 
overflow and seepage of irrigation ditches. Within two and o no- 
half years after the Salt on Lake began to reappear, its water was 
four times as saline as that of the river from which it was derived. 
In (he dry condition of the sink previous to (he break, great areas 



u ®i* ‘*** I**!®" Imperial Junction Heneb, m it appcarcc 

In 1013. In the ^nnkmx of the eea, the «r«irr had withdrawn from thi* urn 
o^ul u year before the (d^tofraph waa taken. The ceneruj apprurnuce It 
iJr 1 .® |“ ^ *> '*^“* “ •moolUer und leai 

reprWacwf hg of thf Curntgu 


wore covered with crystalline salt which was being commercially 
exploited. As (he lake again evaporated, (his was found covered 
by a few feet of silt. 


MEXICAN HIOBLAND 

BoL'NI>AR1£S and Dem hiption 

East of the Sonoran Desert section and south of the Colorado 
Plateau is a vast area extending southward far into Mexico 
known as the Mexican Highland. Like (he Great Basin, it is 
approximately half mountain and half plain, many of the moun- 
* MacDocqal, D. T.. he. cU., p. $. 
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tains being typical basin raises. Mention of other types is 
deferred to the pages of locaJ description. Of the total interment 
area, perhaps half is bolson. The remainder drains, or at least 
slopes, to the branches of the Williams and Gila Rivers in 
Arizona and the Rio Grande in New Mexico. 

Throughout the Arizona portion, the boundary on the side of 
the Colorado Plateau is fairly definite. Separation from the 
Sonoran section is more arbitrary, being determined by the size 
and spacing of the mountains. Nevertheless, even without the 
aid of science, custom has tong recognized the Highlands north 
and east of a line which passes near Nogales, Tucson, Florence, 
Phoenix, and the mouth of the Williams River. 

In New Mexico the mutual boundary of the Colorado Plateau 
and the Mexican Highland is less known and probably not clear 
(page 381). The section as here defined and described extends 
cost of the Rio Grande as far as pronounced basin ranges continue 
to alternate with basins. Along a line not far from the lOdth 
meridian, this type of topography ceases and gives way to the 
faulted and sloping plateaus of the Sacramento section (page 393). 

In general the intermont basins of the Mexican Highland are 
4,000 to 5,000 ft. above the sea but in the western part the 
altitude declines greatly, especially between the Gila and the 
Colorado where it is about 2,000 ft. 

While less desert than the Sonoran section, the Mexican 
Plateau has the distinguishing limitations associated with aridity. 
The rocks decompose but slowly while wind and sheet floods carry 
away the finer particles, hence there is a scarcity of soil. The 
cactus, yucca, and creosote bush, so closely associated in most 
minds with Arizona, are most abundant below 3,500 ft. From 
3,500 to nearly 6,000 ft., the dominating vegetation is sage brush 
and greasewood. Above this zone cedars are characteristic, 
but not abundant, up to about 7,000 ft. Above that are pine 
and fir. 

Mountains 

Western Part. — Near the Mexican border the trend of all 
mountains is nearly north and south. The same tendency is 
seen throughout New Mexico except near the Arizona boundary. 
West of that, including most of the Arizona portion, the trend 
is northwestward, parallel to the province boundary. A number 
of ranges in this western portion are tilted fault blocks resembling 
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those of the Great Basin in their dimeosions, in the rocks (hut 
compose them, in structure, and in history.' In other ranges, 
the Bradshaw for example, though folding is important, no 
significant faulting has been discovered.^ 

Near the edge of the Colorado Plateau, many mountains arc 
fault blocks without alignment, mere fragments of (he plateau 
that have suffered displacement and erosion. There is here a 
kind of transitional zone between the two physiographic prov> 
inces. In the Clifton mining district near the New Mexico 
border, the entipo area when seen from a high point is one of 
irregular ridges and uplands without apparent plan or order. 
It docs not in the least conform to the simple conception of basin 
ranges, but with its complicated history of intrusion, faulting, 
lava flows, and various erosion cycles’ it resembles still less the 
horizontal plateau on the north. At some places, particularly 
in the mining districts, the results of faulting roach the last 
degree of complexity. Areas of many square miles may bo 
broken by faults of various trend, into blocks so small that the 
whole district is but a huge mosaic of angular blocks.* To a 
remarkable degree the drainage of such areas has been guided 
by fault lines or by differences In hardness among the several 
blocks. 

Features of the Plateau Border.— In western Arizona there 
is not much question as to the proper location of the province 
Iwundary. North of the Colorado River the lower and upper 
('urboniferous rocks and the Kaibab limestone (Permian) are 
almost coextensive and their combined escarpments form the 
Grand Wash Cliffs, the western limit of the ('olorado Plateau. 
South of the river, the upper C'arboniferous and Permian fall 
back many miles to the east, leaving the Lower ('arboniferous 
(Red wall) to form the plateau surface. The height of the cliffs 
which limit this plateau is increased by the thickness of the 
underlying C’ambrian (Tonto) as in the Grand Canyon (page 
294). This condition persists as far east as long. 112®30', and 
throughout that distance the Plateau province is coextensive 

UUmhome, P. L., Geology of I he Globe Copper District, U. S. Gcol 
Survey, I*rof. Pop. 12, p. 16, 1903. Kansomc here dfee Cilbert- 

’ Jaooar, T, a., and Palachb, Ghahusk, Bradshaw Mountains folio 126, 
U. 8. Geol. Survey, 1905. 

’ Ljnpohen, W., Clifton folb 129, U. S. Geol. Surve>', 1905. 

‘Soo geological maps in Gbbc folb 111; also Biaboc special folb 112 
U. 8. Geol. Survey. 
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with the Carboaiferoiis.* The cJiff is known in succession as 
Grand Wash, Yampai, Juniper, and Black Mesa. The height 
varies from a few hundred to 4,000 ft. 

North of lat. 36 and at the foot of Yampai Cliffs, is a volcanic 
plateau called Truxton, itself fronted by good cliffs facing south- 
west. However plateau-like this appears, it is strictly a part 
of the Basin and Range province. Lava flows have here inun- 
dated and filled up the inequalities of the widespread granite 
and schist which make the neighboring mountains.* 

Last of long. 112*30', the lower Carboniferous shelf is deeply 
eroded and its topography is complicated by the deformation 
which made the neighboring ranges.’ General usage here assigns 
this belt of lower Carboniferous to the Basin and Range province, 
and makes the Aubrey CUifs the province boundary.* The upper 
Carboniferous, capped for many miles by lavas, here forms a 
gigantic escarpment called the “Verde Breaks” and, farther 
east, Mogollon escarpment, 1,000 to 2,000 ft. high, overlooking 
the rough upper basins of the Verde River and Tonto Creek. 
At places in these basins the upturned edge of the Redwall 
limestone makes a ridge or even a mountain range. Such are 
the Black Hills northeast of Prescott (lava capped),’ the Sierra 
Ancha, and the Apache Mountains, the last named being also 
affected by faulting. Still farther east near (^amp Apache 
(long. 110*) is a considerable area in which the lower Carbonifer- 
ous is more or less horizontal but deeply eroded and scored by 
canyons guided among lava flows. From the Grand Wash 
Cliffs on the west to this locality, the Aubrey Cliffs are bold 
even if locally notched. For a considerable distance the divide 
between the Salt River on the south and the Little Colorado is 
at the top of these cliffs. 

Mountains in Kew Mexico and Texas. — In the eastern half 
of the section, as in the western half, the dominant type of 
mountain is that of the Great Basin. Such, for example, are the 

geologic map of Aruona; also DAinoN, K. H., Recoanaiasance in 
New Mexico aD<l Arisona, U. S. Geol. Survey, BvU. 1910, map, pl> f. 
The Kaibab limestone, called Fennsylvanum on this map, is now classified 
as Permian. Sec also Lee, Willis T., Reconaaissaoce of Fart of Western 
Ariaona, U. S. Geol. Survey, BvU. 352, map, pi. 1, 190$. 

< Lee, Wru4S T., U. S. Geol. Survey, BuE. 352, p. 13, 1903. 

* Gilbert, G. K., Wheeler Survey, vol. Ill, p. 47. 

* Kansoub, F. L., U. S. Geol. Survey, Pn^. Pap. 12, p. 14, 1903. 

^ Gilbert, loc- cU., pp. 23, 36, and 60. 
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Saadia and Manzano Ranges east of Albuquerque, the San 
Andreas and Caballos on either side of the Sanla F6 Railroad 
between Socorro and Las Cruces, the Franklin Mountains north 
of El Paso, and probably the little known Sierra de Santiago (Orel 
Mountains) in Texas south of the 30ih parallel and within the 
bend of the Rio Grande.^ Some of the mountains owe their 
height, or at least their mass, to being centers of eruption. Some 
are almost isolated volcanoes; others are broad masaea of lava 
and fragmental material. Of this character are the Socorro, 



Kco. l3H.~Tret HermonM; mounUins ol volcahw* rock in southwestern >^ew 

Meucg, ((/. S. Geat. Sunti/.) 


Magdalena, and San Mateo Ranges west of Socorro (lat. 34®) 
and the Mogollon near the Arizona border.^ Some of these 
ranges may be due primarily to deformation and only increased 
in size by volcanic materials. Laccoliths are represented by the 
Orliz, CarilJos, and San Pedro groups midway between Santa V6 
and Albuquerque.^ 

An exceptional group of folded mountains is represented on 
(he geologic map by the patch of old Paleozoic rocks north of the 
30lh parallel and west of the 103d meridian. These are typically 

• U. K. (ieol. Survey, Pr^. Pap, 68, p. 56. 

> /<Um, p. 26; nnd U. 8. Oeol. Survey, M'ot. Sup. Pap. 188, p. 9. 

' U. 8. GopI. Survey, Pr<ff. Pap, 68, p. 26, 
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Appalachian' in the age of the rocks, the northeast-southwest 
trend, the close character of the folding, and the results of erosion 
which have left parallel ridges on the harder strata. Even the 
height of the ridges above the valleys (1,200 to 1,500 ft.) is 
similar. The age of the folding is not definitely known, but it is 
possible that these mountains represent a southwest ward exten- 
sion of the Appalachian folding, separated by hundreds of miles 
from the Ouachita Mountains, just as the latter are separated 
from the Appalachians of the Eastern states. 

Near the edge of the Colorado Plateau, here as in Arizona, the 
trend becomes inconstant and the mountains are irregularly tilted 
fault blocks. It is as though the plateau margin had been 
deformed by intrusion and block faulting, and the resulting 
mountains largely covered with lavas which have since been 
partly eroded away. The result is a gradation between moun- 
tains of deformation and lava-capped mesas reaching heights of 
8,000 to 0.000 ft. Thus the flood of lava overlapping the edge? 
of two provinces has made it impossible to draw a clear line 
between them. 


Imtermont Basins op Arizona 

Drainage and Filling.— In the western half of this region the 
basins are better drained than those of Nevada. The long 
headwaters of the Gila, Salt, ^'e^de, Williams, and a few other 
nvers carry water to the sea from a great distance and from a 
considerable area. A glance at the ordinary map would, how- 
ever, lead to an overestimate of the amount of water thus carried 
and of the area draining to the sea. The streams named do 
indeed carry water from the Mexican Highland in central 
Arizona, but in the western part of the state, and more especially 
in the southeastern part and in New Mexico, typical bolsons 
prevail. Concerning the depth of unconsolidated sediment m 
these, see pages 343 and 344. 

Badlands on Gila Conglomerate. — In eastern Arizona and 
western New Mexico the mountains are frequently bordered by 
a fringe or irregular belt of badlands carved from a conglomerate 
of poorly assorted sand and gravel. This is the Gila conglomer- 
ate. It may once have constituted debris fans but has since 
been folded and faulted and graded down by erosion, probably 

* Hill, R. T-, Physical Geography of the Texas R^ion, U. 8- Geol. Sur«y , 
Topographic folio 3, p. 4. 
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to ordinary pediments. To what extent its present dissection 
is due to diastrophism and to what extent to climatic or hydro* 
{craphic changes is undetermined. The dry washes which cross 
these badlands to the younger debris slopes farther from the 
mountains afford natural highways, subject always to the risk 
of sudden and dangerous floods.' They also afford the best 
sites for temporary wells. It is not uncommon to find ground 
water by digging 40 ft. into these dry channels. 


Intekuont Basins of New Mexico 

The several mountain ranges in New Mexico may be grouped 
into three or more north-south lines 10 to 50 miles apart. 
Between these are fairly continuous flat-floored troughs sub- 
divided by transverse divides into boUons or minor drainage 
basins. 

Tularosa Basin.— Extending due north from El Paso for 250 
miles is a line of mountains, mainly independent fault blocks, 
most of them 3 to 10 miles wide and reaching altitudes of 8,000 
to 10,000 ft. Named in order from El Paso northward the chain 
embraces the Franklin, Organ, Son Andreas, and Oscura Kanges, 
followed by the ('hupadera Mesa and then by the Montoso, 
Manzano, and Sandia Ranges, the last named being across the 
Uio Grande from Albuquerque.* Southward the line continues 
into Mexico. 

East of this line of mountains and 30 to 40 miles away is the 
almost continuous west-facing escarpment of the Sacramento 
and other ranges which constitute the Sacramento section. 
Between these mountains is a desert plain, 125 miles long in 
New Mexico and extending across Trans-Pccos Texas into 
Mexico. This trough ends at the norih against the Mesa 
Jumancs, 7,000 ft, high. It has a nearly flat floor, but sloping 
southward 7 feet to the mile, from 4,500 ft. at the northern end 
to 3,500 at its southern end in Mexico, but this regional slope 
is interrupted near the Texas border by a low divide which 
separates the Tularosa Basin on the north from the Hucco on 


‘ Uahsoue, F. L., loe. eit., p. 19. 

» For useful maps of this part of New Mexico sec: Hill, R. T., Ph>'slcal 
Geography of the TexM ^n. U. a Gcol. Survey, Topographie folio 3; 

IIHJ, 276, 343, $46*C; also geol. map of New Mexico by H. W, Klis, 1925. 
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the south.* The New Mexico portion is a bolson. The main 
portion of this valley is on a down-faulted block between the 
^auLt scarps of the San Andreas on the west and the Sacramento 
and Blanca on the east. 

The lowest level in the TuJarosa Basin is less than 4,000 ft., 
near the southern end. From this the surface rises toward the 
valley ends, beginning at the rate of a little more than three 
feet per mile, but the gradient increases greatly as the rim is 
approached. South of lat. 33^0', the basin is floored with 
Quaternary sediments. The marginal debris slopes surround 
and partly bury occasional rocky buttes. As In other desert 
basins of centripetal drainage, the slopes are scored by occasional 
arroyos and broad washes which rarely carry water and never 
reach the central depression. 

At various levels below 4,250 ft. are local cscarpmenU and 
terraces which seem, in some cases at least, to be old shore lines 
and suggest a history like that of the Bonneville Basin (page 362). 

An interesting feature here is the "alkali marsh" or "salt 
marsh" covering 165 square miles and occupying a place similar 
to that of the playa in the Great Basin. The alkali marsh is, as 
nearly as possible, a perfect plane, but not necessarily level as is 
the playa. The flat in this basin (extending south from lat. 33^) 
is 30 miles long and is 100 ft. lower at the south end than at 
the north- Its edge is deflnitely marked at places by an almost 
vertical rise of 10 to 20 ft. Dunes may surmount the banks and 
increase their height by 50 or more feet. Beneath this flat or 
"marsh," the surface of ground water Is never more than a few 
feet deep, often but a few inches, so that the surface is habitually 
damp. Evaporation leaves incrustations of "alkali." 

East of the flat is a belt of gypsum dunes, generally 6 to 12 
miles wide, locally 100 ft. high and composed at places of almost 
pure crystalline gypsum; elsewhere of a gypsiferous clay. They 
migrate eastward, perhaps a mile in 20 years. In some basins 
similar dunes are known as "clay hills." The valley also con- 
tains sand dunes, about which there is nothing peculiar. 

The determining factor in producing these features rather 
than the playa lies in the large amount of gypsum believed to be 
derived ultimately from the Carboniferous and Pennian rocks 

* A full descriptioQ of this bMin is giveo by 0. E. Memaer and R. f . 
in U. S. Gtol Survey, Woi. 5i*p- Pap. 343, Geology and Water Resources of 
the Tularosa Basin, New Mexico, 1915. 
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of the bordering mountains. Ordinary clay rarely drifts into 
dunes. These gypsum-laden days are readily picked up and 
blown away. But such deflation must stop at the water table, 
which is essentially a plane, lowered, of course, by evaporation 
due to stripping. Thus the alkali flat practically represents the 
water table laid bare by wind erosion. The prevailing winds 
are from the west, hence a dune belt on the east is the natural 
accompaniment of the alkali marsh. 

Where dunes do not overwhelm the surface, dust may lodge on 
the moist or grass-covered soil around a spring which constitutes 
a “dust trap/’ There it is held and accumulates into mounds, 
some of which are 10 to 20 ft. high and 600 ft. in diameter. 

Outside the alkali marsh, where the ground water lies farther 
below the surface, sink holes are locally abundant. Some of 
them are in the limestone pediment where the Quaternary 
sediment is thin or wanting- Others are in the gypsum which 
forms in places a solid stratum many fee Wit may be several 
hundred feet-^in thickness. 

Concerning the depth to the rock floor beneath the uncon- 
solidated material little is known. A 1,250-ff. well beside tho 
railroad near the eaalern edge did not reach hard rock. 

The northern end of the Tularosa Basin beyond the flat floor 
(in a very rough way north of lat. 33^300 is above the level of 
alluvial deposits or contains them only in local basins. It has 
A rocky surface rising northward in 50 to 60 miles to the level of 
Mesa Jumancs, 7,000 ft., and almost that high on the west to the 
crest of Chupadera Mesa. This rocky surface or pediment on 
faintly eastward-dipping strata is dissected to approximate 
maturity. The axis of this valley is occupied by a recent and 
unweathered flow of basalt 44 miles long and averaging 
miles wide, and having a southward gradient of 30 ft. to the mile. 
This northern end of the Tularosa Basin ia an excellent type of the 
rocky plateau surfaces, semi-desert to desert, which occupy 
portions of the Mexican Plateau not covered by mountain or 
bo] son. 

Hueco Basin. — Southward from the low divide near th<! 
Texus-Ncw Mexico border, the structural trough extends an- 
other 100 miles under the name of Hueco Basin. Its eastern 
rim is the Hueco and Finlay Mountains and others in line to the 
southeast. On the west and south It extends to unnamed moun- 
ttiins m Mexico. The Hueco is not a typical bolson with cent rip- 
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etal drainage; it has^ in fact, very little drainage of any kind. 
The Rio Grande traverses it for 100 miles southeastward from 


El Paso, cutting a broad trench 200 to 500 ft. below the desert 
floor. Well drilling shows that clay, sand, and gravel, locally 
cemented to a firm coi^lomerate, fill the valley at least 600 ft. 
deep, perhaps much more.^ 

Jornada del Muerto.— West of the line of mountains on the 
meridian of £1 Paso is another great trough similar to the one 
containing the TuJarosa Basin. For most of the distance from 
Albuquerque to £1 Paso it is followed by the Rio Grande. In 
latitude about 33®30' the river departs from this trough, making 
a westward detour around the Fra Cristobal and Caballos Ranges, 
returning to this trough in lat. 32®30'. The portion of the trough 
cut out by this detour lies between the San Andreas Mountains 
on the east and the ranges named on the west. This is called 
the Jornada del Muerto (Journey of Death). The ancient 
Mexican trail to Santa followed the river where convenient, 
but did not make the detour. Death by thirst and by the hands 
of robbers is said to have marked the route with bones.* The 
same route is now followed by the Santa F4 Railroad. 

Ignorance of ground- water conditions maintained this deadly 
nature of the Jornada more than 300 years. At length (1871) 
a well was dug to the base of the mantle rock, 160 ft., thus reach- 
ing the water which enters from above or creeps outward from 
the base of the mountains. Since the Caballos Mountains on 


the west are tilted east and the San Andreas Range on the east 
is tilted west, the Jornada lies in a synclinal trough. Many other 
wells have since been put down, some flowing, some pumped. 
Most of them do not reach the bottom of the unconsolidated 
material which is known to be more than 300 ft. deep. An 
extensive strip along the west side is but thinly veneered with 
detritus. There is here a rock plain, or pediment, formed on 


steeply inclined strata. 

The Jornada is not a single enclosed basin but contains a 
number of basins which receive the occasional drainage. Some 
of them retain shallow, ephemeral lakes. The general slope o 
the trough is southward from an altitude of 4,700 ft. at San 
Marcial to 4,200 ft. at Las Cruces, a fall of 450 ft. in 100 miles, 


> El Paso folio, p. 11, V. S. Geol. Survey. 

* Kbves, C. R-, Geology and Water Conditions of the Jornada del Muerto, 
New Mexico, 8. Geol. Survey, Wal. Sup, Pap. 123, 19W. 




is (he Plains of San Augustin. This elongated basin has it 
center in lat. 34', long, 108°. Its central detrital plain is & 
miles long northeast to southwest, 12 to 20 miles wide and 6 901 
ft. above the sea. Above this pUin the marginal rock slope, 
nw to the surrounding mountains, many of them nearly or quit, 
10,C^ ft high. Of these the San Mateo and Magdalena masse: 
^rder the basin on the southeast side, near the Rio Grande 
Next to the latter, at the northeast end of the basin, is Beai 
Mountain (see U. S. Land Oflice map). West of that and border- 
ing the basin on the north (lat. 34') are the GaUina and Datii 
Hangos which may be regarded as standing at the edge of th* 
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or about the same gradient as that of the Rio Grande. Into 
this plain the Rio Grande has incised itself several hundred feet 
both north and south of the Jornada. To the south, the same 
southward-sloping desert surface, under the name of La Mesa, 
extends far into Mexico. Wells in La Mesa show that the hard- 
rock surface is at least d45 ft. deep. 

Plains of San Augustin.— West of the Rio Grande Valley 
(he orderly arrangement of mountains and basins Is wanting. 
Many have no generally recognised names, or the naming differs 
on different maps. The one prominent bolson known by name 
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Colorado Plateau. On the west are the Tularosa, San Francisco, 
and Mogollon Ranges (to be distinguished from like-named 
mountains in Arizona). On the south the basin is less completely 
closed in by the Mimbres, Black, and several other ranges. 
Generally speaking, the mountains on the east and south, while 
in some cases increased in height by volcanic Hows, are due 
primarily to deformation and hence have more in common with 
the Mexican Plateau than with the Colorado Plateau. 


HtSTonv Of THt Rio Grandb 


The structural features of the Mexican Plateau in New Mexico 
were outlined some time in the Tertiary, largely by faulting. A 
significant part of the upheavals came late in that period or at 
its close. Along with these earth movements came eruptions 
which built some of the mountains and grc&tly increased the 
mass of others. 


If it be assumed, as is commonly done, that most of the rnoun^ 
tains and basins are the direct result of diastrophism, the Rio 
Grande picked its way across this disordered surface from basin 
to basin, being ponded in some of them and cutting gorges 
through the dams; or there may have been no throughfiowing 
stream until the several basins were filled to overflowing with 
detritus from the mountains. If the unconsolidated material 
in the great troughs is, in the main, Quaternary wash from the 
present mountains, one of these pictures is correct. If it be 
found (as suggested by Blackwelder for much of the Great Basin} 
that a large part of the loose material in the basins is of Tertiary 
age,^ or at least older than the mountains, the work of aggrading 
becomes merely incidental and of secondary importance. On 
this supposition the work of streams has been mainly to deepen 
these valleys on the softer rocks, shaving them off to form pedi- 
ments as some of the harder rocks have evidently been planed 
off in the Tularosa and other basins. 


A lava-covered alluvial terrace 800 ft. above the river, near 
Albuquerque, is interpreted on the first assumption {i.e., that the 
mountains and basins are wholly diastrophic), as showing that 
the whole valley of the Rio Grande was once filled from the level 
of the hard-rock surface, far below the river, up to the terrace 


* A part of it is known to be Ternary, as stated by Lee, U. S. Geol. Survey, 
Wat. Sxtp. Pnp. 18S, p. 19. 
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level 800 ft. above it.* On the second assumption that the 
great troughs are in considerable part erosional) such terraces 
are incidental to down-cutting. On either assumption the river 
once flowed at the level of this high terrace, then cut down 500 ft., 
at which level it remained a long time developing a very wide 
valley floor, of which the Jornada del Muerto seerat, to have been 
a part. In the upper course of the river this floor is a planation 
surface on hard rocks. In the lower course (Jornada del Muerto) 
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the valley floor was cither aggraded or was cut on older soft mate- 
nal which has not yet been distinguished from the recent detritus 
Renewed erosion later caused the stream to entrench itself 300 
ft at which level it has made new bottom lands with a maximum 
width of four or five miles. Below El Paso* the actual entrench- 
ment probably exceeded 300 ft., as that U the height of the 
present bluffs and the river seems to be again aggrading. It was 
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before this last entrenchment that a lava flow dammed the stream 
at the north end of the Fra Cristobal Mountains and turned it 
to the west, leaving the Jornada waterless. 

At present the Rio Grande In New Mexico traverses a series 
of eight basins alternating with canyons or narrows.^ Some of 
these alternations are produced by crossing the main structural 
lines, as at El Paso. Other constrictions are produced by 
volcanoes which have crowded the stream aside as at Islet a 
(lat. 35^), or by lava flows which the stream has been obliged to 
cross and trench as at San Felipe (lat. 35^0') > 

Resources of the Mexican Highland 

Agriculture.— Agriculture in the Mexican Highland is nec* 
essarily by irrigation and limited by the amount of water and the 
extent of low-lying alluvial plains. The irrigable lands along the 
Rio Grande are the alluvial plains 300 ft. (more or less) below 
the floor of the desert. The eight basins mentioned above from 
the Espanola Valley north of Santa F6 to the El Paso Valley in 
Texas have bottom lands ranging in width from two to five miles. 

The Rio Grande, 2,000 miles long, is a stream of uncertain 
and highly variable flow. In so far as its flow in New Mexico 
is constant, it comes largely from rain and snow on the mountains 
of pout hem Colorado. Most of the additions farther south are 
fron. immediate run-off or storm water, and therefore highly 
inconstant. In its course from Colorado to the Mexican border 
the summer flow generally decreases. In this part of its course 
the floods come in the early summer when the snow melts on the 
mountains. On the Mexican border, floods come mainly in the 
tropical rainy season of the late summer. Hence It is no uncom- 
mon occurrence that the Rio Grande should be dry at El Paso 
and flooded in its lower course. 

In central Arizona the Roosevelt Dam arrests the drainage 
of the upper Salt River Basin in a great artificial lake impounding 
one million acre-feet of water. The water is used to irrigate 
land around Phoenix, located in the Sonoran section rather than 
in the Mexican Highland. 

When the Spaniards entered the Rio Grande Valley early 
in the 16th century, they found the Pueblo Indians irrigating y 

> These basins with mtervenjog narrows are named and described by Leb, 
XJ. S. Geol. Survey, W<U. Sup. Pap. 188, pp. 12-16. 
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methods still io use, as are some of their old ditches. Their 
crops were largely grains. Alfalfa is now the chief crop. FruiU 
and melons are becoming highly profitable. ‘ 

Back from the narrow strips of farmed land, the great Industry 
is, as it always has been, grasing. The herding of sheep is a 
characteristic employment of the Mexican population of the Rio 
Grande Valley and adjacent provinces. 

Minerals.— The Mexican Highland in Arizona is one of the 
chief copper-producing regions of the world. The region con- 
tains the three great centers, Globe, Clifton, and Bisbee. The 
occurrence of ores, chiefly of copper, is closely connected with 
the history of deformation, volcanic action, and erosion. The 
study of this history and even of the physiography have been 
closely connected with the investigation of mining districts and 
the search for underground water. 


SACRAUEKTO SECTION 


Boundaries and Description.— Intervening between the Mexi- 
can Highland on the west and the Pecos Valley (Great Plains) 
Is n north-south strip 3CN3 miles long and nowhere 70 miles wide 
which needs separate description. It is more or less platcau- 
Ilke throughout, undissected north of lat. 34®, faulted, strongly 
sloping, and dissected elsewhere. It lacks the steep tilting of 
the fault blocks in the Mexican Highland but is allied to that 
si5Clion by (he prominence and importance of its bolsons. 

The northern end of this section illustrates the difficulty of 
dividing up a natural area into homogeneous parts, each one 
clearly distinguished from all its neighbors. This small district 
IS one of homontal rocks like the Great Plains on (he east and 
the Colorado Plateau on the west. On the other hand its 
central feature is the Estancia Valley or Sandoval Bolson a 
prominent rcpre«ntative of the great bolsons which character- 
ize the Basin and Range province.* Its western rim is the Sandia 
and Mansano block mountains. On Its eastern rim is, first, the 


a 2';rpp-' ®“-’ 

> MEiNzsn, 0. E., Geolo©' and Water Reaoureea of the EaUncia Vmllev 
Now MeK.ro, V. 8. Gcol. Survey. IKu,. Sup. Fop. 275 “iT It ie not: 
implied that nrh basing of coniripotal drainage are ronaned to one province 

w‘i r Pi"®* 

ifi Ue cut of the line which u used u the province boundary. 
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Glorietta Mesa, a fantastically carved divide of horizontal rocks 
whose eastward escarpment is the province boundary. Farther 
south, on the boundary, are the hills of Pedernal, a north^south 
ridge of granite. South of the basin is the elevated and extensive 
Mesa Jumanes suggesting at once (he C'olorado Plateau and the 
Las Vegas Plateau. 

Estancia Valley. — The topographic center of the Estancia 
Basin is occupied by ^'salt basins,” the same as the alkali flats 
described on page 386. In this case numerous small basins are 
interspersed among the ”clay hills/’ which are dunes, some of 
them 100 ft. high, consisting of material blown out to make the 
salt basins. This basin has clear records of a former extensive 
lake whose existence is recorded by shore features of the same 
nature as those of Lake Bonneville, though less impressive. 
The salt basins and dunes are in the center of its ancient bed. 
As in the Tularosa Basin, ground water is found near the surface 
in the central depression, but the water table is flatter than the 
land surface so that its depth increases to more than 100 ft. 
beneath the marginal debris slopes. From well borings it is 
known that the basin is filled to a depth greater than 312 ft., 
but how much greater is not known. 

Mountains.— South of the Mesa Jumanes the plateau is 
divided by faults into many blocks, all dipping eastward. In 
lat. 34® the Chupadera Mesa slopes east to the Tularosa Basin. 
South of the east end of Mesa Jumanes are first the Jicarilla 
Mountains, followed in succession southward by the Sierra 
Blanca, Sacramento, Guadalupe, and Delaware Mountains, all 
monoclinal ranges bounded on the west by fault scarps and con- 
sisting largely of eastward-dipping Carboniferous limestone. 
Sierra Blanca (partly volcanic) reaches a height of 12,003 ft. It 
retains snow much of the year, hence its name (White Range). 
The Capitan Mountains are an eastern volcanic spur. 

The Sacramento Ranges are noteworthy for their long east- 
ward slope, plateau-like though maturely dissected.* South of 
the Sacramento Range and offset a little to the east is the Guade- 
loupe. Its southern extension, the Delaware, is similar in every 
way to the Sacramento, though less high and fading out south- 
ward. The Guadalupe proper is more complex but of the 
same structure. Just south of the Texas-New Mexico boundso 

‘ U. S. Geol. Survey, IFd. Sup. Pap. 343, p. 26; see topographic map of 
Alamo NatioDft] Forest, pi. Ill, in pocket. 
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\ii Guadalupe Peak^ 9,500 ft., the highest point in Texas. 
The altitudes of all these ranges except the Sierra Blanca are 
between 8,000 and 10,000 ft. The plateau character of the 
upraised fault blocks ends at the east -west trough followed 
by the Texas-Pacific Railway, 

In New Mexico, except iu the extreme southern part, the Sacra- 
mento section is limited to the plateaus and mountains named. 
Near the Texas boundary there rises another, the Diablo Plateau, 
farther west, bounded by faults and sloping eastward like the rest. 
The dissected fault scarps on both sides appear as mountains 
when viewed from the basins. That on the west. 2,000 ft. high, 
is known as the Hueco Mountains and farther south as the Finlay 
Mountains. The somewhat lower scarp on the east is the 
Diablo Range.* 

Bolsons in Texas.— Between the Diablo Plateau and the 
Guadalupe Mountains is the Salt Basin,’ similar in all essentials 
to the Tularosa Basin. Its bottom is 800 ft. below the lowest 
point of the rim and covered with detritus over an area 150 miles 
long and 8 to 20 miles wide. Toward both ends the bottom rises 
and merges into rocky plateaus. For centuries (his basin was a 
source of salt to Indiazks and Mexicans. 

A similar description might be given of (he Gypsum Plain 
east of the Guadalupe Mountains and separated from the Pecos 
Valley by the inconspicuous Rustler Hills. The floor of this 
basin is a layer of gypsum several hundred feet thick resting 
unconfonnably on the tilted Carboniferous. 

^ IliCHARhHON, (»io. B., Itepgnnaisttnce in Tr»n»-Pofoa Tfxaa, Vniv 
Tcxm Mincmi Survey, Butt. ft. p. J«, 1904. This paper » aecompatiied bv 
a good goologle map and tecthnf of Tran»*PeeoM Texas noil h of the Texas 
Pacific Railway. 

* Rcckardwm, Gao. B., loc, cit.. give* a full cirsenption. 
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SIERRA-CASCADE PROVINCE 
GENERAL RELATIONS 

The Sierra Nevada and Cascade Mountains together constitute 
a single province but they are unlike in character, and the several 
sections of the Cascades also differ among themselves. It would 
be difficult to make many valuable statements which would be 
true of the whole province, Its unity consists chiefly In the 
fact that it constitutes a single mountain barrier between the 
plateaus on the east and the Pacific valleys on the west. 

The length of this great barrier is more than 1,000 miles 
and its average width 50 to 60 mQes with a maximum of 90 miles 
at the Canadian boundary and a little less at the 40th parallel 
The general crest height varies greatly but not within short 
distances. It is 12,000 to 14,000 ft. in the southern Sierra 
Nevada where Mi. Whitney rises to 14,497 ft., the highest peak 
in the United States excepting Alaska. The lowest average 
height is in the southern Cascade Mountains in northern Cali* 
fornia and southern Oregon. Here, though isolated mountains 
are high (Mt. Shasta, 14,380 ft.), there is no continuous crest. 
Several broad and irregular transverse passages are little higher 
than the floor of the Great Basin, and the Pitt River crosses the 
range. The province is also narrowest at this place so that the 
“barrier” is by no means perfect. There is a gradual but not 
uniform decline in altitude from the latitude of Mt. Whitney to 
northern California. Farther north a general crest level of 
6,000 to 8,000 ft. is common. The altitude above the Columbia 
Plateau and the Great Basin in Washington and Oregon ranges 
from 2,000 to 5,000 ft. A little north of the International 
Boundary the Cascade Range ends abruptly, giving way to the 
Plateau of British Columbia several thousand feet lower. 

A characteristic which is more nearly universal than any 
other, except trend, is an accordance of altitude among neigh- 
boring summits, giving the ranges in a large way the appearance of 
dissected plateaus, but this feature fails in the southern Cascade 
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Fla. 141.— Inde* oup of the Sierro Nevodo and adjacent acetione. 'Drawn 

by Guy-Har^d South.) 








398 PHYSiOCsRAPHY OF WESTERN UNITED STATES 


section, where mountain heights and valley depths seem almost 
haphazard. The several sections of this province have, each 
within its own limits, a considerable degree of uniformity. 


SIERRA NEVADA SECTION 
GcNEIUL DnSCRIPTIOK 

The Sierra Nevada is a massive and continuous range extending 
in a north-northwesterly direction from lat. 34®50' to lat. 40^', 
a little more than 400 miles. The greatest width, a little more 
than 80 miles, is near the north end where the Sierra Nevada 
section includes Lake Tahoe and the ('arson Range east of it 
and thus occupies a small area in Nevada. 



Fio. diaffnicn of the Ulc^d Stem block. Tbc furtaco 

AlopiQS toward tbe l«ft (weet) ia aaaumcd to ha\*« boe& hUIy rather than moun- 
tainoua. Lying at a low aJUiuda with Jjtda alope aaat or we»t. Kaultini and 
tilling than oecurrad. The ataep aaaufaeing fault acarp baa been aomawhat 
worn back. Tho maior weat-flowing atraanu. being accelerated by the Ult. 
have cut deop eanyona but many of thetr tributarfea. being at right anglca to 
the direction of tUtiog. have not entrenched tbecDael\*ea: hence they drop into 
the canyons from hanging valleya. The Valley of California on tho weat and 
Owena Valley on the eaat are aeen to be doored with aedimeot der)>^ from the 
mouQtaina. Thir diagram represeata eoadltiona previoui to glaciatloo. {V. o- 
OtfA. Sur»^.) 

Summsry Statement — In a general way the Sierra Nevada 
may be described as a block of resistant rocks; locally of unequal 
strength and complex structure, eroded to moderate or low relief; 
uplifted by faulting, with a decided westward tilt; submaturely 
dissected by deep valleys, and, in its higher parts, strongly 
glaciated. This foimula does not embrace quite all the features 
nor does it distinguish one part of the Sierra from another, but 
every fact therein mentioned is essential to the consideration of 
any part of the range (c/. Fig. 142). 

Rocks. — Three-fourth of the rooks of the Sierra Nevada are 
granitic. Belts of alternating hard and soft rocks are therefore 
absent from most of the range. Faulting has doubtless producec 
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certain weak sones, as for example the one which is followed hy 
the straight north-south valley of the upper Kern River. ^ It is 
also a well-established fact that many prominent domes and 
knobs like Half Dome and others in Yosemite National Park are 
essentially monofffAs, t.e., single blocks of granite unaffected by 
joints. On this account they have withstood erosion both by 
water and ice.* 

North of lat. 37^0\ about one-third of the rocks are sediments, 
now metamorphosed and in part schistose. They arc collec- 
tively called the '^auriferous slates/’ though they are not all 
gold-bearing nor all slates.* These beds are all closely folded. 
Contrasts among these strata give rise to belts of greater an<l less 
resistance but such contrasts are poorly marked here as compared 
with those of the non-metamorphosed rocks of the Appalachians. 

These strata are what is left of that broad expanse which 
was lifted up by the intrusion of the granites. They arc part of 
the 80 -callcd '^roof” of the ancient batholith. Because of loss 
uplift at this place, or because in some way the roof of 1 he buiho- 
lith was folded down into its mass, the strata have here escaped 
erosion. This surviving belt of sediment arics, well shown on 
the geologic map of North America, is of great economic interest 
because it comprises the greatest gold fields of ('alifornia. 

A still smaller proportion of the rocks of the Sierra Nevada 
consists of the late Tertiary volcanics related to those of the Greut 
Basin. They increase in abundance toward the north and merge 
with those of the southern Cascades. These rocks are lavas and 
tuffs which were extruded near the crest of the range and for the 
moot part flowed west in shallow valleys, thus displacing the 
streams. Following a later uplift these displaced streams cui 
deep valleys between the tongues of lava, leaving (he latter us 
high divides. Thus the lava now caps long ridges of upland, 
transverse to the trend of the range, and forms the divides. At 
places it conceals ancient river channels several thousand feet 
above the beds of present streams. Some of these ancient chan- 
nels are rich in gold-bearing gravels. Still more recent lavas have 

‘ Lawkok, a. C., Univ. Calif. BttlL, Dept. G«oi. 8ci., vol. Ill, p. 340, 1904; 
8C« also Fault Map of California issued by the Seismolofical Society ol 
America, 1922. 

* MATTuea, F. E., ^etch of Yosemite National Park, etc., U. 8. Dopt 
InL, p. 30, 1912. 

•For dftscriotion see Tormbk and IUhkoub. Sonora folio 41, U. S. Gcol, 
Burvey, 1897. A general description of the “Ciold Belt" is given iti this folio. 
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flowed out into the canyons of the present erosion cycle, some sc 
recently that but little erosion has been effected since. 

Fbatuhes Dub to Faults 

Eastern Slope. — The crest of the Sierra Nevada is near (fa 
eastern margin. Because of this fact and the height of the range, 
the eastern slope is one of the steepest mountain slopes on the 
continent. For more than 200 miles south from Lake Tahoe (at 
the angle of the Nevada-Califomia boundary) the main divide 
is within 10 miles of the foot of the range. Where the range is 
highest, the average eastward slope from crest to foot is more than 
1,000 ft. per mile. At the southern end where the range curves 
strongly to the west under the name “Tehachapi,” the slope 
which overlooks the Mohave Desert, though less than 3,000 ft. 
high, is almost as steep. The straightness of the base is as 
remarkable as the steepness of the slope. There is a notable lack 
of far-reaching spurs. 

All the features of this front point to the conclusion that it is a 
fault scarp. Among these are abundant springs,^ some of them 
hot. Fresh fault scarps are found in incoherent detritus. One 
of these is 40 ft. in height.* After the great earthquake in 1872 
in Owens Valley, new fault scarps were observed, some large 
blocks of the crust being dropped 20 to 30 ft. There was also 
horizontal displacement amounting at one place to 18 ft.* 

The evidence that the eastern slope of the Sierra is a fault 
scarp consists chiefly in the topographic features here mentioned 
and not in the actual exposure of the contact between the adjacent 
earth blocks. It is not to be understood that one crack neces- 
sarily continues throughout the whole distance. Doubtless 
there are many, some of them en echelon, others side by side, 
making compound faults. Some minor spurs and offsets may 
be produced in this way rather than by erosion. The fault zone 
as a whole is, however, remarkably continuous. 

> Johnson, Rarbt R., Water Resources of Antelope Valley, California, 
V. 8 . Geol. Survey, Wot, Sup. Pap. 278, p. 20, 1911; also, Lee, Wawfl T., 
Geology and Water Reaources of Owens Valley, California, U. S. Geol. 
Survey, Wal. Sup. Pap. 181, pp. 7-8, 1906. 

* LiimaREN, A,, and Knowi/pon, F. H., ^e of the Auriferous Gravels of 
the Sierra Nevada, Jour. Otal., vol. IV, p. 902, 1896. 

*Whitnet, J. D., The Owens Valley Earthquake, Overland Idanihly, 
June, 1872, cited by Lee, XJ. S. Geol. Survey, Wat. Sup. Pap. 181, p. 12. 
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Subordinate Ranges at North End. — Near Lake Tahoe, the 
effect of nearly parallel faults is evident. The main crest of the 
range lies west of the lake and is continuous with the crest to 
the south. East of the lake is the subordinate Carson Range 
(Fig. 144), an uplifted block between parallel faults, a separate 
range from the Sierra Nevada but included in the same physi- 
ographic section. I.ake Tahoe occupies the “moat ” between the 
fault scarps of the main Sierra and Carson Ranges.^ The lake 



Fio. M4.— Genoa Ploteeu. funnit ot the Cenoo iUnce (Sierro Nevedu 
eeet of Leke Tahoe. The elrikinc (ealure ehovm io thU view ie the etraight el^ 
Uae. The summit of the raac* ^bis place is a remnant of an old surfaeo of 
amaU relief. {Jehn A. R«id, Uni9. C<dif- Bitil.t D*pl, Gaot) 

itself is at least 1,645 ft. deep, its surface being 6,247 ft. above 
sea^level and its area 195 square miles.* For beauty of setting, 
this lake has few rivals. 

North of the Tahoe Basin the Sierra Nevada consists of three 
ranges rather than one, each having the essential features of the 
single great range farther south, t.e., each is a fault block tilted 
toward the southwest, presenting a scarp to the northeast and 
a long, gentle but dissected slope to the southwest.* Named in 

» Rbid, Johx a., Goomorphogeny of S*or» Nevada nortlicast of Uke 

Tahoe, Univ. Calif. BuIL, Dept Geol. Sci., rol- VI, p. 106, 1911. 

^ I. C-, U. S. Geol- Sum/, Mm. 11, pp. 11 and 71, 1885. 

^ DiLLSB, J. S., Geok^' of the Tayloreville R^on of Califonua, U. ». 
Geol. Survey, Bxdl. 363, p. 7, 1908. 
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order from east to west th^ minor ranges are Diamond Moun- 
tain, Grizzly Mountain, and Clermont Hill. The crest of Dia- 
mond Mountain is almost in line with that of the Carson Range 
east of Lake Tahoe. It has a fine fault scarp 2,000 ft. high on 
the northeast, overlooking the desert valley which contains 
Honey Lake. This scarp cun^es round to the west and marks 
th^ northern limit of the Sierra Nevada Mountains. At (ts 
foot flows the Susan River, southeastward into Honey Lake, 
marking the boundary between this section and the Great Busin. 
Farther west the North fork of the Feather River, which flows 
southwest to the Sacramento, is not far from the boundary 
between the Sierra Nevada and the southern ('ascade section. 

TkC OlO SUBOrLD Sl'KPACE 

Northern Part. — The dominant feature of the western slope 
of the Sierra is an approximate uniformity of summit altitudes 
giving the appearance of a widely extended and deeply trenched 
plateau. The words western slope’' are somewhat misleading 
since the slopes in view are in all directions. The general slope 
of the summit level is so gentle as not to bo apparent. In a 
width of 70 miles in the latitude of Lake Tahoe the decline is 
about 7,000 ft. or 100 ft. to the mile. This is less than that of 
some railroads built for heavy traffic. The Southern Pacific 
Railroad running northeast from Sacramento ascends the grade 
without difflculty, running a part of the distance on th^ upland 
level instead of in stream valleys. In this part of the range the 
flatness of the horizon when seen from any slight elevation is 
very marked. 

This old surface of moderate relief, now deeply trenched, is 
frequently spoken of as an upraised peneplain. It was indeed 
much subdued by erosion and there arc localities farther south 
where the term peneplain is almost justified. However, the 
flatness of the surface in the northern part, whore it is most 
marked, is increased by the lava flows which did much to All the 
old valleys (some of them more than 1,000 ft. deep) and thus 
obliterate such relief as remained on the old erosion surface 
which, though greatly subdued, could not fairly be called a 
peneplain. The observer who now sights over the ridges from 
one of their number has his flat horizon determined by lava 
flows more than by peneplain* (see Fig. 146 page 406), The 

*LXMDGRRN. W., ioc. cH., p. B97. 
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thickness of this lava near the main crest is at places more than 

1.000 ft., though it diminishes rapidly to the west and is generally 
but a few hundred feet.* Nevertheless, after making all neces- 
sary allowance for the leveling effect of lavas, it is seen that the 
highly complex structures of this portion of the ancient Sierra 
are truncated to a remarkable degree by an erosion surface of 
moderate relief. Where it is spoken of in the literature as the 
"Sierra peneplain" its imperfections should be borne in mind. 
This old subdued surface is well preserved on the resistant, 
massive, granitic rocks of the Yosemite region and constitutes 
the Yosemite upland. Its rolling surface has a relief of about 

1.000 ft. 

Monadnocks. — Above the subdued surface here described 
rise more or less isolated monadnocks. Many of these likewise 
•‘ise to accordant levels suggesting that they are remnants of an 
older nearly plane surface, presumably a peneplain.* In the 
central and western part they are not numerous, but they increase 
in frequency toward the main crest. West of Lake Tahoe the 
summits over a considerable area rise to this upper and older 
plain now profoundly dissected. Here it seems that the lower 
and younger surface, the Sierra peneplain, was developed only 
locally if at all. Similar residual forms prevail with increasing 
altitude toward the south throughout the High Sierra (Fig. 145). 

The distribution of these higher masses is not merely hap* 
hazard, as they might seem to be if the drainage were purely 
dendritic. The headwaters of most of the main rivers, the 
Stanislaus, Tuolumne, Merced, San Joaquin, Kings, and Kern, 
are roughly parallel with the trend of the main range. Parallel 
to these headwaters is a system of subordinate ranges rising 

2.000 to 3,000 ft. above the general upland level. Wherever 
bedded rocks remain they are seen to have been folded along 
axes having the general direction of the present residual ranges. 
It is inferred, therefore,* that these subordinate ranges are an 
inheritance from the mountain system of Appalachian t 5 T)C 
that was formed on the site of the present Sierra at the close of 
Jurassic time. Most of the strat* involved in that ancient 
folding have been eroded away but the drainage lines and divides 

i I/iNDORaK, W., Geol. Soc. Amer. Bull., vol. 4, pp. 260-267. 

’ LiNDQBEN, W,, Jour. (rfoL, Tol. IV, p. 827, 1896. 

> Matthes, F. E-, Personal communication. See forthcoming Profe^sioTUii 
Paper 160 of the U. S. Geol. Survey. 




Fio. 146.<— Mount ond the tulMimmU plotoau of the Siorre Nevada 

wwl ^ the north end of Owen* Lake. The eummit of MU Langley (14,042 ft.) 
mth thot of Mt- Whitney and othete repreaenU the mminH upland To the 
Tight (weat) b the auhniinRUt upland. Mt. Langley ie almoat the sou them moat 
of the high mountaine that riae above the eubnimmit uj)land. Farther aouth 
the fliiheummit upland forma the ereet of the great eaat-faeing eaeari>mcnt over, 
iookmg the Great Doain. (Knopf. V. S. GhA. Snntu.^ 
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near the crest of the main range retain something of their 
original longitudinal pattern^ while the lower courses of the same 
streams have become transverse by reason of general tilting 
{page 408). 

On the Carson Range east of Lake Tahoe and on other fault 
blocks of that much broken region, the margin of the Great Busin, 
are flattish summits similar in every way to the Sierra peneplain 
and surmounted by similar monadnocks* (Fig. 144). Similar 


surfaces characterise the long southwesteriy slopes of the bruncli 
ranges at the northern end of the section with the exception of the 
middle one of the three, Giissly Mountain, which is very uneven. 

Topography of the Gold Belt. — The sedimentary rocks of the 
Gold Belt are, on the whole, less resistant than the granites, and 
in this region the Sierra peneplain is less preserved, especially 
near the southern end.* There arc here few broad remnants 

‘ Rbjd, Joim A., Ocomorphogeny of the Sierra Nevada, Northeast of 
Ukc Tahoe, VtiW. Calif. BuR, Dept. Ocol. 8ci., vol. VT, pp. 89-161 1911 

TuRNBB and ItAWsoms, Sooora folio 41, p. 1, U. S. Cool. 
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except such as have been protected by volcanic rocks. Never- 
theless the summits are of subequal height and represent the 
Sierra peneplain as shown by profiles plotted at right angles to 
the trend of the range. ‘ The horison determined by these 
summits is, in a broad outlook, approximately flat (Fig. 146). 
Between these residual forms erosion has made very wide valleys, 
amounting at places to the beginning of a newer peneplain, 
regarded by Matthes as Pliocene. West of the Yosemite 
National Park the contrast in elevation between the sedimen- 
taries on the west and the granite on the east is striking, the 
difference being about 2,500 ft. and apparently due, in large 
measure, to erosion since the surface of low relief was elevated. 



t'lo. 14S.— Outlook over iho Si«rr* Novudu from oour Gold Kuo. about SO 
roilofl from tho foot of tbo mounUinft. Tho p]ftt«ou-1)ko Mpoot 

striking. The rockt wUhin (ho ooopo of thio vww art predorainfttrly slater and 
other eedimentiriee but iriih large areae of volcanic tuffe and Uvae. 
by /. 8. Havrer. U. 8. Geof. 5urer|r.) 

Southern Part — In the highest part of the High Sierra, west 
of Owens Valley, in the upper basin of the Kem River, at least 
three levels are recognised above the present streams.’ The one 
of greatest interest has been called by Lawson the ^'subsummit 
plateau.” It is represented by remnants of a nearly flat surface 
of erosion at altitudes of from 11,200 to 11,500 ft. This is 
tentatively believed to correspond to Matthes' "Yosemite 
upland/’ both being parts of the Sierra peneplain. Above it 
rise the lofty peaks, Whitney, Lyell, Ritter, and others, to heights 
approaching 15,000 ft. Some of these have remarkably flat tops. 
The summit of Mt. Whitney itself is a rocket re wn plateau one- 

* Matthbs, F., Personal communication, 

* Lawson, A. C., Geomorphogeny of the Upper Kem River Basui, Univ. 
Calif. BuB., Dept Geol. Sd., vol. in. pp. 291-376, 1902 to 1904. 
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half mile square. The flat summits of these monadnocks, as of 
those farther north, suggest by their form that they may be 
remnants of a still older peneplain. 

Some 2,500 ft. lower than the subaummit plateau are vallej^ 
of such remarkable flatness and width os to indicate a considerable 
erosion cycle after uplift of the subsummit plateau. Beneath 
these valley floors, known as (he Chagoopa Plateau, the Kern 



^ High SicrTft At MAimiMth Mountain (lAtlCudc about 
j 7*30 ). Tho viow aHowa tho pr«<ipi(ouA cAj(«rn fnco at the Ipft and the lentlcr 
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River and its tributaries have cut narrow canyon.s, already 2 000 
to 3,000 ft. deep and rapidly deepening. 

South from the latitude of Owens Lake the subsummit plateau 
disappears by complete dissection, but still farther south, notably 
in the Tchachapi' and the EJ Paso* Ranges and adjacent parts of 
the Sierra Nevada, very distinct indications of peneplains are 

• Lawson, A. C., Coomorphogofty of the Tehachapi Valley System, Unlv. 
Calif, Dopt. Geol. 8ci., vol. IV. pp. 431H62, 1904; ace also Geomor- 
phio Pcaturca of tho Middle Kcm Valley, Univ. Calif. BuU Dent GmI 
Wei., vot. IV, pp. 397-409. ^ 

> Bak»;h, C. L, Phyaiogfaphy and Wtructure of the Weal cm El Paso lUnge 
sjid the Wouthrrn .Sierra Nevada, Univ. Calif. BulL, Dept. Geol Sci vol 
VII, pp, 117-142, 1912. ' 
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noted, both on the mountain tops where they are dissected, and 
in broad down-faulted vaUeys including the western end of the 
Mohave Desert. These are tentatively correlated with the high 
valley floors or Chagoopa Plateau of the upper Kern River Basin. 
It thus appears that in whatever part the Sierra Nevada has been 
carefully observed, there have been found plateau remnants 
(^'Sierra peneplain”), mountains rising above them, valleys cut 
beneath them, and the floors of these valleys expanding and 
coalescing locally into a younger peneplain, and that these broad 
valleys (or younger peneplain) are trenched by canyons carved 
since the last great uplift. 


SmsAUs 

Stream Courses.— Most of the streams of the Sierra Nevada 
flow southwest, i.e., transverse to the trend of the range and 
down the slope of the peneplain, their courses doubtless being 
consequent upon the tilted surface. Only their headwaters and 
some tributaries flow parallel to the general trend. As stated 
above this is the direction of the axes of former anticlines and 
synclines which, no doubt, controlled the original drainage. 
After the destruction of the first mountains and after tilting 
toward the southwest the drainage pattern was altered by the 
shifting of divides involving a series of captures, the final result 
being that the transverse streams became the master streams. 
Headwaters are last to be affected by such rearrangement. 
Where strong longitudinal streams were able to incise themselves 
deeply, as the branches of the Kem did, the old drainage plan 
survives.^ Of the branch ranges at the north end, the western 
one, the Clermont Hills ridge, is crossed by the main streams 
which are apparently antecedent. 

Canyons. — The southwest-flowing streams run in canyons, 
in some cases 4,000 to 5,000 ft. deep. As these incise the pane* 
plain it is evident that the cutting of them was made possible by 
uplift and tilting. The greatest canyon depths are in the middle 
courses of the streams. They are therefore in laige part confined 
to a aone along the middle of the range. Decreasing elevation 
toward the west does not admit of such deep cuttii^. Moreover, 
the rocks of the western margin are in some cases weaker and 

*The fact that the valley of the Kem River follows an old fault is not 
inconsistent with the assumption made here. — See Map of CaliforniSi 

Bismol. Soe. Amer.. 1922. 
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the topographic development has passed the canyon stage. In 
any case the lower course of a revived stream is the first to pass 
through its youthful stages. A belt between the canyon sone 
and the crest of the range has not yet been reached by rejuvena- 
tion. In some cases streams are still flowing in wide shallow 
valleys. The largest of such shallow valleys are near the north 
end where parallel faulting has made the range triple and the rise 
of the western range has reduced the gradient of the upper stream 
courses. But even whore no such structural reason exists, the 
headwaters are much less incised. This is well illustrated on 
the Diamond Range which shows a distinct canyon zone and a 
comparatively plain surface near the crest.* This feature of the 
topography is a normal accompaniment of rejuvenation by 
moderate tilting. 


Glacial Features 

The topography of the higher parts of the Sierra Nevada is 
controlled in detail by glacial sculpture. Most of the hills are 
rounded knobs or domes of granite, many of them without soil. 
Among these the streams pick their way, interrupt ed by lakes and 
falls. Some of the valleys are typical glacial troughs heading 
in cirques- With lower altitude this ice-made topography of a 
recent epoch gives way to the more orderly branching volleys 
carved by the streams that now occupy them. 

South of the latitude of Owens Lake (36®200 there is little 
glacial sculpture and the mountains retain the mature erosion 
topography* which those farther north no doubt had before the 
glacial epoch. Farther north small glaciers even now survive. 
Glaciers descended the western slope to a minimum altitude 
of about 3,500 ft. in the valleys of the American and Yuba Rivers. 


Yosemite Valle V 

The Merced is one of half a dosen major streams flowing south- 
west from the crest of the range to the Great Valley of California. 
Only its upper third is on the granite rocks. Within this third, 
almost straight east from San Francisco, is the Yosemite Valley’ 
seven miles long and one mile wide. lU level floor lies 3,000 

‘ Djllbr, J. 8., Geology of the Taylorevillc Ri*gion of California, U S 
Geol. Survey, BaU. 3SS, p. 10, 1908. 

’ Lawwow, a. C., Geomorphogeny of the Vpper Kern Basin, t^niv. Cjilif. 
BuU,, Dept, Ccol. Sei,, vol. Ill, p. 366, 1901. 



410 PlIYSIOCRAl^HY OF WSSTBRX UXITBD STATES 


ft . or more below the surrounding surface of granite hills, a typical 
portion of the Sierra peneplain, here known as the '‘Yosemite 
upland-’* With a general relief of less than 1,000 ft. its rounded 
and forested hills of accordant height have a plat eau-1 ike aspect. 
Rising conspicuously above (his surface are the isolated monad- 
nocks, Half Dome being one of many. 

In form the Yosemite Valley, though more picturesque than 
the others, is typical of the group to which it belongs. The 



Fio. not jointed *od therefore not euiceptlble to 

sUciai plucking, abraded and poliihed by the ice. TbU h the effect of the la«l 
(Wlaconain) ice invadon. The recency of the work te tbown by the preaervatlon 
of the glaciated aurface. Poel-gladaJ weathering, on auch a auriace aa thia. tf 
at moat a fraction of as inch. of the Interior.) 


difference between it and others is merely one of degree. The 
steep-sided gorge is only its lower part. If the gorge were filled 
from brink to brink there would still remain a valley but it would 
be wide and of gentle slope and its depth would be similar to that 
of other valleys in the upland. For convenience let this be called 
the outer valley (Fig. 150, page 415). This statement applies 
only to the immediate vicinity of the Yosemite where the glacial 
trough has been greatly broadened. Farther up stream and 
down stream where the gorge is narrower there is (even ignonog 
the gorge) a distinct valley within a valley (Fig, 151, page 415), 
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the younger one, which wo may call for con\enience iho inner 
valley, being about 1,000 ft. deep below (he older surface and 
being itself trenched by the steep-sided glacial trough' (Fig, 1.51, 
page 415). Where the valley was never occupit*d by glaciers a 


>'mj. l iy,* -IUnl*a.<^ vitw of ih«* V<>«‘niilc VulU*)*. ffk' UibUm Kull, KC 
Kf,( ul.Utui, Vtiil. YF VusomU« ft Roy*! A^>I^o», II WwliJiltfOui 

-yf' Mim.r I-iU. TC t'miiyun, XI) XorOi Dome, /SI) Uj,kct 

lh>rw‘. .1/ir Mouht UaUinf, C (1ou<U Re*l. ffl) JIalf l>wnic, L Mount Lvdl 
l.Y J.iUU' Vowmito, l.C <’^k B Mount Jn^Nlcrick, 6’ (Jlaonr I»oin( 

Sf) Siiiiin'l I)r,nio, SB SioitinH RrKk, CH Ro.ki. ilV JJridiJ Veil 

YV \<»inutc MB Mcrcp4 River, (f*. S.Ctvi. .Sum#.) 

slrcam-carvcd V-shaped gorge occupies the axis of the valley. 
Such also wa-s the predecessor of (he Hal-bottomed, .Hteep-sidod 
glacial trough in the Yosemite, but it has entirely disappeared 

« MArroKM, F., The Story of the Yoa-mitc Vallry, printed on back of 
topographic map of Yo^mitc National Park, U. S. Oeol, Survey, I9?d. 
Figs. 160 and 151 are Ukc& from this description. 
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in the making of the latter. In the Yosemite Valley proper 
the surface of the inner valley also has been largely destroyed by 
the great broadening of the glacial trough (Fig. 152). This 
inner valley is the correlative of other wide valleys in the Gold 
Belt and elsewhere which expand or coalesce at places into a lower 
peneplain. 

All lateral tributaries to the Merced at this place have hanging 
valleys, t.e., they descend to the main stream by falls. Obviously 
the tilting of the range favored erosion by the main stream to 
such a degree that the lateral tributaries fell behind in the work 
of downcutting. The different heights of such falls are interest- 
ingly associated with the history of the gorge. A few, like the 
upper falls of the Yosemite, enter the canyon almost at its brink. 
These streams how over resistant massive granite and have 
incised their channels but tittle since the present Yosemite upland 
was a lowland. Others (Indian and Illilouette Creeks) enter 
the gorge 600 to 1,200 ft. lower. These how over granite that is 
more jointed and more able to cut down to the grade of the main 
stream as it was when the upper river valley was made. Still a 
third set of hanging valleys like that of the Bridal Veil end at the 
canyon wall only 600 to 1,500 ft. above its base. These valleys 
were graded down before the advent of the glaciera to the level of 
the stream^madc gorge which was carved in the inner valley as 
the result of later westward tilting of the range. 

The distinctive features of Yosemite Valley on the Merced 
River and Hctch lletchy Valley on the Tuolumne are due to 
excessive glacial erosion where the granite was closely jointed 
and to the extraordinary resistance of the grtfnite where jointing 
cracks are absent. Thus Half Dome, £1 Capitan, and other 
gigantic monoliths withstood the action of ice as they had long 
withstood that of the atmosphere and water. Probably a 
low buried ridge or swell of similar unjointed granite lies across 
the stream’s course between Cathedral Rocks and El Capitan. 
Up stream from this reristant mass the glacier seems to have 
gouged out a basin 100 to 300 ft below the present surface In 
which a lake was retained after the glacier disappeared. Later 
this lake was filled by sediment, thus producing the flat floor 
which abuts against the almost vertical walls of the U-shaped 
valley. All this is inferred from the fact that the valley above 
is filled to a depth of 100 to 300 ft. with sediment, and it is not 
believed that the moraine at the lower end of the meadows has 
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more than a fraction of the thickness necessary lo make so deep 
a basin. Glaciation in the last or Wisconsin stage, though very 
important in the cirques and valleys in the higher parts of the 
Sierra, had little effect on the Yosemite Valley except to build 
terminal moraines within it, thus causing lakes which have since 
given place to meadows. 


RfavMi OF PHYsiOGRArHic History 

Early History. — Like other great mountain ranges the Sierra 
Nevada has had a complex history involving repented uplift 
and partial base-leveling. The thick sediments and some 
volcanic rocks which accumulated in a former geosyncline wore 
folded and raised Into mountains at the close of the Paleozoic, 
approximately at the time of the Appalachian revolution.* 
When these mountains hud been worn down and part of the area 
had again been long submerged, i.e., at the close of the Jurassic 
period, there came another uplift. Folding was repeated and 
there were also some lava flows, but the main feature of this 
complex event was the rise of the great granitic bMitholith. 
This is one of the greatest batholiths of the country. It is 
almost coextensive with the range and its top was higher than 
any surviving peak. The range was then again worn down. It 
has boon suggested* that the renmins of the first peneplain may 
perhaps be seen at the tops of the monad nooks which rise above 
the general westward elope, and perhaps In the horison itself 
of the High Sierra. There followed other uplifts, accompanied 
by faulting along the eastern margin and a lilting toward the 
west. No doubt the first master stieams followed the old 
folds which were parallel to the range. As the gradients of 
wesUflowing streams were favored by the tUt the longitudinal 
dramage ultimately gave way, probably by a aeries of captures, 
to the present transverse drainage. 

The Making of the *‘Peneplam.>»-Upli/ts during and after 
the Cretaceous inaugurated the erosion cycle which ended in 
the production of the surface of moderate relief which is fre- 
quently called the Sierra peneplain.* This was a rolling surface 
on which the prevalent relief was from a few hundred to more 

' TuHNKK HUd llANHOMB, HOMTU folio A 1 . p. 1, 1*. S (k-ol 

» LIWCKJKBN. W., Jour. Oeoi., vo|. IV. p 897 

■ Fi«t ro.ugni«,d «.ucl. I.y G. K. Gilbert. vol. I. pp, ,94-195. 
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than 1,000 ft., and above which monadnocks rose 1,000 to 2,000 
ft. in the northern part and 3,000 ft. in the southern part. Its 
general altitude above sea^level was, of course, small. The 
geologic date of this peneplain, i.e., of its best development, 
is assigned to various epochs of the Tertiary but it may be 
assumed that the land lay comparatively low, at least until the 
close of the Miocene.* 

Auriferous Gravels. — In the valleys of the Sierra peneplain, 
gravels accumulated which were rich in gold, being derived in 
part from the rocks of the Gold Belt (page 399), The sorting 
process in streams tends to eliminate the gravel by carrying it 
down stream and to allow the gold to accumulate because it is 
heavier. In the normal process of stream work, gravel would 
probably not have accumulated to any great depth. Its accumu- 
lation in this case was aicted by a moderate tilting of the surface. 
While on the one hand this would increase the gradient and 
thereby the transporting power of the streams, it might on thr; 
other hand greatly increase the amount of gravel brought to the 
streams. Under suitable circumstances the latter effect would 
predominate, at least for a time, and the valle}^ would aggrade. 
It is assumed that this was the case with the Sierra streams.* 
The first effect of this tilting was increase of power, with the 
resultant cutting of narrow valleys several hundred feet deep 
within the old wide valleys.* These were first filled with the 
deepening gravel, which then spread over the older and broader 
valley floors, sometimes to a depth of 200 to 300 ft. 

After the accumulation of these auriferous gravels came the 
extrusion of lavas and tuffs which filled the old valleys, preserved 
the gravels, and displaced the streams, at the same time leveling 
up the inequalities of the imperfect peneplain so that, despite 
later erosion, the horizon over large areas is nearly fiat. 

> Mfttthes in all his papers assigns tbe peneplain to th< Miocene. So 
also Dillbr, J. S-, Tertiaiy Bevolulkm in the Topography of the Pacific 
Coast, U. S. Geol. Survey, \4ih Ann. Repi., pt. 11, 1892, and various other 
papers. Whitney also assigned the auriferous gravels which lie on this 
erosion surface to tbe Pliocene. Lawson in various phj'siographic papers 
assigns tbe making of this surface to the Pliocene. 

* DiLLBB, J. S., Tertiary Revolution in the Topography of tbe Pacjfic 
Coast, U. & Geol. Survey, lith Ann. RepL, pt. II, p. 425, 1892. 

^LiNDOfiEK, W., Jour. CtoL, vol. rV, p. 893, distinguishes the “deep 
gravels” in the central anyooa from the “bench gravels" (miners’ terms) 
overspreading tbe wider valleys. 
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Successive Uplifts — After the Sierra peneplain was made, the 
range was lilted and the surface raised in two distinct acts. The 
first great rise made possible the development of the broad valleys 
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and local peneplains described on page 406. Matthes assigns 
this rise to the close of the Miocene andesUmates that it amounted 
to 3,000 ft. at the eastern edge of the range. The second rise, 
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assigned to the beginning of Quaternary time,* is believed to have 
elevated the central part of the range another 6,000 ft. above its 
former height. This introduced the "canyon cycle'’ in which 
the former valleys, generally broad, were trenched by narrow 
gorges, the higher parts of which were later occupied and altered 
in shape by alpine glaciers. 

Glacial Epochs. — Glaciation is almost the last chapter in the 
history of the topography. Indeed it can scarcely be said to be 
closed in the High Sierra where a number of small glaciers still 
survive, chiefly in the gigantic cirques. The southernmost of 
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these is a few miles north of Mt. Whitney. In these high moun- 
tains the work of the postglacial cycle is almost ntf. A little 
talus is beginning to accumulate at the foot of the cirque walls, 
but rooks, even though bare, as most of them are, may retain 
the striations and polish imparted by the glaciers (Fig. 148). 
Farther down the western slope the time which has elapsed since 
the disappearance of the ice Is longer and the effects of post' 
glacial weathering and erosion increase with decreasing altitude. 

» This is th« judgment of Matlhea Iawsoti has expressed the view that 
the first and smaller uplift occurred at the beginning of the Pleistocene and 
the second or chief uplift occurred when that period w'as far spent; Oeo- 
morphogeny of the Tapper Kern River Baain, Univ. Calif. Bull., I^pt. 
Geol. Sci., vol. Ill, pp. 364-366; also Gcomorphogeny of the Tehachapi 
Valley System, Univ. Calif. Bull., Dept. Geol. Sci., vol. IV, p. 453, 1904. 
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Two epochs of glaciation are plainly distinguishable, eaclj with 
its distinctive effects on topography. In addition there is 
evidence of a much older glaciation whose topographic effect is 
now indistinguishable. Moreover^ the last glacial epoch (the 
Wisconsin) embraces two distinct advances of the ice just as it 
did in eastern United States.^ In the older of the two well- 
recorded epochs (presumably Illinoian) the ice advanced some 
miles farther than in the later epochs i.e., to the western limit of 
Yosemite Park (101 Portal). Its well- weathered lateral moraines 
border the Merce<l ^'alL‘y but no terminal moraine crosses it 
because the streum-carvcd gorge was, in large part, cut later, 
t.e., in the long interglacial epoch. 

Even in this long epoch of deglaciation in the Yosemite region 
it is not known that the ice ever vanishc<l from the High Sierra, 
although this may have occurred. It may also have disappeared 
after the last glacial epoch, i.e., at the close of the Pleistocene. 
At all events there has been wit I. in a very few centuries just 
passed a new advance. Since that ver>' recent maximum, half 
the ice has again melted away. 

Within the limits of the area covered by the glaciers of both 
epochs it is generally impossible to distinguish their effects. 
There it is customary to speak of the glacial epoch as a unit and 
as being more recent than the canyon-cutting cycle, though as 
indicated above this is not literally true. 


SOUTHERN CASCADE MOUNTAINS 


Genkkal Description 

A distinct change in the character of the Sierra-Cascade 
province is seen near the 40th parallel. South of a line connecting 
Susanville and Chico are the steeply tilled auriferous slates and 
intrusive granitic rocks, all truncated by the Sierra peneplain 
Itself broken by faults, tilted and partly covered by volcanic 
rocks. North of that line is the Southern Cascade section 
stretching north at least 160 miles. It is essentially a group or 
belt of volcanoes in which and between which are beds of lava and 


Uv ^ epochs in the S«rm Nevada is wimnarisod 

ly Mutlhe* m Select. vqI 70. pp. 75-76, IWO. For earlier n^ont ion bv 
Ihc aumu writer aoc <Jeol. Hoc. Amor. Buli, vol. 35, pp. 69-70 1924 • Pal 

V ISo, vol. XVIlI 
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tuff. Patches of these latter have already been described in the 
Sierra Nevada but the volcanoes or fissures from which they came 
are generally not identified. In the southern Cascades these 
volcanic rocks are so abundant as to bury all others except for 
a somewhat arbitrarily included margin on the west. Many of 
the volcanoes from which they were erupted remain distinct 
though in various stages of erosion. One hundred and twenty 
of these volcanoes have been counted in the first 50 miles, that 
is in the portion known as the Lassen Peak Range between the 
Feather River on the south and the Pit River on the north. As 
the breadth of this belt is less than 25 miles, it may be seen that 
the average distance between volcanoes is but little more than 
three miles. The greatest of these is Lassen Peak which erupted 
m the years 1914 and 1915. North of the Pit River the range 
is less known but it includes Mt. Shasta, the most prominent 
volcanic cone in the United States. 

In contrast with the Sierra Nevada the southern Cascade 
Mountains do not owe their height to uplift either by faulting 
or by folding- They are essentially an accumulation of eruptive 
materials from hundreds of centers irregularly distributed and 
marked by cones, domes, and plateaus of very unequal height, 
There is no dominant level as in the Sierra Nevada, above which 
the peaks rise and beneath which the valleys are cut. The 
southern Cascades are far from being a distinct range with definite 
limits. The high points arc very irregularly distributed, and 
between them the country is much like the adjacent part of the 
Great Basin, though on the whole higher and having a stron^r 
relief. The mountain belt is crossed by the Klamath and Pit 
Rivere to which most of the minor streams are tributary. There 
are other broad and relatively smooth passes at altitudes but 
little higher than the level of the adjacent Great Basin. 

Boroers 

Such being the character of the range, it is not to be expected 
that the line which separates it from the Great Basin can be 
accurately located. The Utter itself contains some mountains 
of similar character though more widely separated. Neverthe- 
less, an observer approaching the range from the east and viewng 
it from a distance would at most points of approach see before 
him a relatively continuous line of mountains. 
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The mountains as above described niorpo gradually at the north 
into a marked linear range with a dehnite crest. .Morwiver, 
as this range is followed northward from southern Oregon, evi- 
dences of crustal uplift b^n to appear (see page 432), indicating 
that the range owes a part of its height to diastrophism Instead 
of being due purely to volcanic accumulation. The point at 
which the continuous linear range begins is in southern Oregon 
not far from the C'alifomla boundary and this is adopted as the 
limit of the Southern Cascade section. 

It is noteworthy that throughout Washington and Oregon as 
far south as Crater Lake (lat. 43®) the crest of the Cascades is 
followed by county boundaries. The same is true of the Ricrra 
Nevada throughout its length. The location of such linos is 
significant of a well-rccogniscd crest. In the intervening splice, 
occupied by the southern Cascades, the county boundaries are 
independent straight lines. 

The western boundary of the Southern Cascade section is 
against the Klamath Mountains except at the south end whore 
this section borders on the Great Valley of California. The line 
between Cascade and Klamath Mountains is not everywhere 
apparent topographically. Locally it is marked by valleys. 
From near the 42d parallel southward to a point west of M(. 
Shasta it U approximately followed by the Southern Pacific 
Railway. This allots to the Cascades, in southern Oregon and 
nothem California, a foothill belt of sedimentary rocks, which is 
exceptional according to the criteria here used for delimiting the 
province. With this exception the line described separates the 
volcanic rocks on the east from the metamorphosed sedimenlarlos 
and granites which constitute the Klamath Mountains. South 
of Mt. Shasta the province boundary turns sharply to the east, 
departing widely from the valley followed by the Southern 
Pacific Railway. Where the Southern Cascade section borders 
the Great Valley of California, the former includes & sloping and 
much dissected plateau of Tertiary sediments which the volcanic 
rocks have failed to bury. This belt is 4,000 ft. high on the 
eastern side, declining westward to an altitude of 800 ft. from 
which altitude it falls off in a bold bluff to the level of the Great 
Valley. This sloping plateau is rough, dry, and stony, and is 
very properly classed as a foothill belt belonging to the mcuntaiQ 
province. 
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Rocks 

The great volcanic accumulation within the belt here described 
was DO doubt favored by crustal disturbances which caused 
fractures and vents. It was favored also by the nature of the 
rocks erupted. The lavas which cover or constitute much of 
the plateaus to the east arc mainly basalts. When erupted 
they were almost as fluid as water. Hence they spread out in 
wide horisontal sheets instead of coming to rest on steep slopes. 
Most of the lavas of the Cascades are more siliceous (andesites). 
These when melted were more viscous and more quickly con- 
gealed, sometimes while descending steep mountain slopes (page 
433). liOcal accumulation was aided in both provinces, but 
especially in the Cascade belt, by the eruption of fragmental 
products— bombs, lap! Hi, dust, and '^cinders.” Such deposits, 
while generally minor in quantity, are sufficiently abundant to 
be important topographically. In the great cones like Lassen 
Peak and Mt. Shasta they alternate with lava flows and help 
to determine the topographic form. 


Local DEscRirnoi^a 

Mount Shasta.— Two localities of the southern Cascades 
possess special interest, Mt. Shasta because of its great prom- 
inence and typical character as a volcanic cone, and Lassen 
Peak because of recent volcanic activity. 

Mount Shasta is a clean-cut cone which, seen from the north, 
rises almost two miles above its base or 14,360 ft. above the sea. 
It is typical of volcanic cones composed of alternating lavas 
and tuffs and in the youth of its erosion cycle. The base of 
the cone at about 5,000 ft. above sea-level is 17 miles in diameter. 
With a height of a little less than two miles this calls for an 
average slope of about 15 deg- The actual slope in the upper 
third is about 35 deg., but this flattens progressively to the 
base where it is less than 6 deg.‘ The volume of the cone has 
been estimated at 84 cubic miles. Above 10,000 ft. the cone is 
double. The western summit, called Shastina, IM miles distant 

* DiLLBR, J, S., Mount Shasta a Typical Volcano, Not. Owgr. Monograj^ 
3 1897. Most of the faett here mentioned concerning Shasta are given in 
this paper to which the reader U referred for a full description of Mt. Shasta 
and vicinity. 
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from the main summit and 2,00D ft. lower, preserves an almost 
perfect crater, thus attesting the youth of the struct ure. 

The accretion was of course accomplished by repeated erup- 
tions, some of the lava flows being so recent that for several 
miles vegetation has not yet started. The mountain as a whole 
is older. Erosion has made a good beginning, having already 
scored the slopes with radiating canyons, one of which is nearly 
1,000 ft. deep. Above 10,000 ft. these canyons broaden into 
glacial cirques. The mountain now supports five glaciers which 
almost encircle its top. The longest, Whitney Glacier, is 21 :, 
miles in length and descends to a level of 9,500 ft. On the 
lower slopes are secondary lava and cinder cones. Some of these 
are highly perfect and evidently very recent. 

Lassen Peak.— Lassen Peak (10,437 ft.) is noteworthy as 
the only volcano in the United States which has had a generally 
observed eruption. (For other eruptions see page 425.) It had 
been classed as extinct (which means only that it had not been 
active in historic times) but began to be active in 1914, the erup- 
tion becoming violent in May, 1915, but no lava was extruded.' 

The immediate vicinity of this mountain embraces many 
interesting features due to recent vulcanism.* Among these arc 
cinder cones and lava flows, also lakes and meadows produce<l 
by the obstruction of older valleys. There are also solfataras, 
hot springs, boiling mud pools, and a single small and waning 
geyser which in 1894 continued to thi'ow its little column of water 
one foot high. 


Physcocraphic History 

t^'hen the approximate peneplain was produced over what 
is now the Sierra Nevada Range it is probable that the flame low 
relief was developed far to the north and east; to the west also, 
in so far as there was land in that direction. The development 
of this low surface was followed In the Sierra Nevada by uplift 
and further volcanic eruptions. It wok mainly in this same stage 
of volcanic activity that the vast accumulation occurred in (he 
southern Cascades. Uplift is also recorded here in the foothill 

» Holway, R. 8.. and Dillbr, J. S., Oeol. «or. Amor. Hu/l., vol- 26, 
p. 397, 1916. 

* WclJ described in attractive style by J. S. Diller, Lassrii Peuk folio 15, 
U. 8. Gool. Survey. This paper contains a good generul discussion 
and good iUuMrations of volcanic Features. 
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belt DOW 4,000 ft. high, east of the Sacramento River, but 
throughout the main part of the range the lavas are so deep that, 
for aught that is known, the base on which they rest might even 
be below seadevel. 

The time since the uplift and lava flows in the Sierra Nevada, 
which has there been occupied largely in valley cutting, has 
QOt passed without similar effects in the southern Cascades. 
In this section, however, the cutting of valleys has been more or 
less hindered by Intermittent renewab of eruption. Valleys 
have thus been partly filled and streams displaced. These 
accidents have caused erosion features in the southern Cascades 
to be highly varied, ranging in stage from Infancy to maturity. 

NORTHERN CASCADE MOUNTAINS 
General 

The topographic characters of the middle and northern 
Cascade Mountains will be best understood by taking up the 
northern section first. Of the three sections thb is most like 
the Sierra Nevada, so much so that If the two stood adjacent 
they would be included in a single section. Like the northern 
part of the Sierra Nevada, the northern Cascades consist of 
ancient sediments vastly older than the present topography, 
strongly folded, generally metamorphosed, and intruded by 
granitic batholiths. They are contrasted in thb respect with 
the middle and southern Cascades which consist almost wholly 
of volcanic rocks. Defined in thb way, this section extends 
south from the Canadian boundary to lat. 47®30' on the west 
side and a little farther south on the east side. Its southern 
boundary is marked approximately by the Northern Pacific 
Railway running from EUensburg to Seattle. 

Cascade Plateau 

Description and Illustration.— The most striking feature of 
these mountains is the approximately uniform altitude of their 
peaks and ridges {Fig. 153). These summits collectively, or 
rather the nearly plane surface from which they seem to have 
been carved, was called by Russell the Cascade Plateau.* Uni- 
formity of summit level is not more marked here than in many 
other ranges, but in this case It b more remarkable because of 

I V. S. Geol- Survey, 20(A Ann. ftept, pt. D, p- 144, 1899. 



SIBRRA-CASCADB PROVINCE 


423 


the extreme rugged ness of the crests and the steepness of the 
slopes. In some places so many sharp peaks and crests rise 
to so nearly the same height that the horizon when viewed 
from one of the summits is nearly level. The altitude of 
this horizon varies from 6,000 to 8,500 ft. in the higher 
parts but declines toward the sides of the range. The higher 
parts of the Northern Cascade section are so little visited 
that it is not possible to cite familiar illustrations of such views. 
The horizon at an altitude of 7,500 ft. on the cast side of Mt. 



Ktu. 16H.— Hiiih OawadM from thfr head of Gold C'reek, Washinteton. The 
view «howB tho uAiformUy of altitude «u«ge«(in« a peneploin at the eummit 
love). S. Geof. Surwtp.) 


Rainier is better known. This is in the Middle Cascade section, 
but the locality serves well to illustrate the feature referred to.’ 
One such view in the northern Cascades is six to eight miles west 
of Mt. Stuart, midway between tho Northern Pacific and Grc^it 
Northern Railroads, i.e., in the northeast comer of theSnoqualmic 
quadrangle. Here the horizon is at 6,000 ft. Another is from 
Boston Mountain (8,300 ft.), just north of Cascade Pass over the 
main divide (lat. 48*^0', long. 12P). Another is from Stormy 
Mountain (7,219 ft.), a few miles southeast of Cascade Pass.’ 

‘8um( and Calkina, Reconnaissance across tho Cascade Itangc nouf 
Iho 4tHh Parallel, U, 8. Ccol. Survey, BuU. 235. p. 86, 1904. 

* For mention of these localities and others sec Willih, Bailby, U. S 
CJool. Survey. Prt>f. Pop 19, p. 48, 1903. 
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Kqually good views are obtained in the little- visited region east 
of Mt. Baker near the Canadian boundary. Here the altitude of 
the accordant crests declines westward from 6,000 ft. It is not 
to be assumed that the outlook from every peak is over such a 
level horizon. The view must necessarily be a distant one, 
There are moreover, considerable areas in which erosion has 
reduced the sharpened crests to lower levels, others in which the 
plane was deformed during uplift and still others in which it was 
never well developed. 

The range is thus seen to be a dissected upland rather than a 
ridge. The main divide is a very sinuous line easily traced on 
the map by the county boundaries which follow it, but not a 
conspicuous ridge. In a general way it is located in the higher 
parts of the range but it has passes as low as 3,500 ft. Most of 
the high peaks stand at a distance from the main divide. 

Glacial Features. — Most of the peaks and ridges owe much 
of the detail of their forms to glaciation. Cirques arc numbered 
by the hundred. Such features are especially dominant near 
the northern end whore many mountains are almost surrounded 
by cirques and partly consumed by glacial erosion, being thus 
sharpened to the Matterhorn form.* Mt. Hosomeen near the 
49th parallel is a typical example. The importance of glacial 
erosion decreases southward and becomes small (may be said to 
end) near the southern limit of the section.* Farther south it is 
limited to certain volcanoes of exceptional height like Rainier. 

Several hundred small glaciers remain in the northern Cascade 
Mountains. Nearly all of them occupy cirques carved in the 
glacial period. None are known to be longer than two miles. 
Most of them, or all, are shrinking in size.* Their lower limits 
are generally not far from 6,000 ft. above sea-level The larger 
number of these surviving glaciers is west of the main divide. 
The largest cluster of them is around Glacier Peak, an extinct 
volcano near the main divide just north of the 48th parallel. 
From the summit of this mountain more than 50 glaciers have 


‘Smith G 0., and Cai^kiks, F. C., Reconnaissance acroa the Cascade 
lUnge near the 49th Parallel, U. S- Geol. Survey. BuU. 235, p. 16, 

‘ Smith, C- 0., Mount Stuart folio 106, p- 3, U. S. Geol. Survey, 1904, 
SfcUTH, G. 0., and Camihs, F. C., Snoqualmic folio 139, p. 12, U. S. Geol. 


‘RuUbll, I. C-, A Preliminarj- Paper on the Geology of the Cascade 
Mountains in Northern Washington, V. S. Geoi. Survey, 20CA Ann. Kept, 
pL II, p. 192, 1889. 
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been counted within a radius of 30 miles. From a vast nev^ of 
more than 10 square miles covering this mountain and filling 
its ancient crater, numerous glaciers radiate.^ On account of 
its height, Mt. Baker near the western border of the mountains 
and near the 49th parallel is also a center of radiating glaciers. 
Others persist in the high mountains overlooking the headwaters 
of the Skagit River near long. 121® and close to the International 
Boundary. 


Higher Peaks 

Volcanoes. — The relatively even skyline of the Cascades as 
described above, is broken here and there by isolated mountains 
which rise thousands of feet above the horizon. These are of 
two kinds, volcanoes and granite mountains.* Most of the 
well-known examples of the former (Rainier and others) are in the 
middle Cascades, but two of them, Mt. Baker and Glacier Peak, 
are in this section. The former (10,827 ft,) is an isolated cone 
near the western border and northern end of the range. It is 
generally snow clad and rises more than 5,000 ft. abruptly above 
the dissected plateau. Glacier Peak (10,436 ft.) is the only 
mountain of exceptional height in Washington which stands very 
near the main divide. It rises about 3,000 ft. above the level 
of the surrounding crests. Like other typical volcanic cones the 
two here mentioned are built wholly of lavas and tuffs ejected 
from their craters. They are therefore independent structures 
not related to the dissected plateau which surrounds them except 
that they stand upon it as a base. John C. Fremont reported 
both Mt. Baker (page 424) and Mt. St. Helens (page 430) in 
violent eruption in 1843 and brought home samples of ash 
ejected. It U also sUted that Mt. Baker was in eruption in the 
years 1854, 1858, and 1870, but none of these eruptions included 
lava flows.* Ash alone was ejected. 

Granitic Peaks.— The granitic peaks of exceptional height are 
less regular in form than the volcanoes. They msy have any 
height up to a maximum of several thousand feet above the 
general level. The highest and perhaps the best known is Mt. 
Stuart (9,470 ft.) in the Wenatchee Mountains, a great spur 

‘ 8m Glacier Peak topographic aheot, U, 8. Geol. Survey 

* RusHELL, I. C, lac. of., p. 140. 

* Diller. J. 8., The Relief of Our Pacific CoaaC, Science, vol XLI pp 
48-67, 1916. Mount Rainier continuea to emit steam from its emter wJiich 
u Dot yet deatfoyed by eroeion. 
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trending southeast between the Yakima and Wenatchee Rivers. 
Among the neighboring lower crests and peaks no common level 
is clearly detected but there is a suggestion of such a level at 
about 8,400 ft. Sli. Stuart and other granitic peaks have been 
variously explained, sometimes as monadnocks, sometimes as the 
result of recent uplift. Some of them may be purely monadnocks 
and probably Mt. Stuart is such in part' but it is fairly well 



Fto. 154.— Mt. Hood from Portltod. Oregon. The ridof of this volc«Dio 
cono Wnve been made angular by water and ice erooion. Like other volcanoes 
Rainier. Baker. St. Helene, etc., thb one rioct ehtrply above the other^ee 
olateau-like lummit of the Coocade Range. Thb k> more atriking in a broker 
Niew (pfMe fumUhtd b(f PorttanA Ch^mher of Commtret: coptfnffhl by PrtTUiM.) 


agreed that the entire Wenatchee spur represents greater uplift 
than that of the range as a whole.* In other words, the range 
was not elevated as a unit but was more or less subdivided into 
blocks trending southeast. The Wenatchee Range represent 
one of these blocks but Mi. Stuart on its crest was a mountain 
at least 1,000 ft. high before the last uplift. On these subordinate 

* Smith, G. 0-, and Calbinr, F, C., Snoquatmie folio 139, p. 12, V. S. 
Geol. Survey, 1906; see abo Willis, Bailby, U- S. Geol Survey, Prrf. Pap. 

?Ripsrell, I. C., I*. S- Geol Survey. 20fA Ann, Rept., pt IT, p. 99. 



SIERRA-CASCADB PROVINCE 


427 


axed of uplift in the northern Cascades it is not generally possible 
to say of any one granite peak how much of its altitude is due 
directly to uplift and how much is inherited from a former cycle. 

Valleys 

Depth and Grade. — The valleys which separate the ridges of 
the northern Cascades are deep and steei>-sidod. Depths of 
2,600 to 3,500 ft. arc common, and the trough that contains Lake 
Chelan is more than 5,000 ft. deep. The surprising feature of 
the main valleys loading east and west from the main divide is 
the low gradient of their axes. Their upper portions near the 
main divide are cut almost as deep as their lower portions. 
Where the Northern Pacific and the Chicago, Milwatikee and 
Puget Sound Railroads cross the main divide at Slanipodc Puss, 
the floor of Yakima Valley on the cast is less than 2,4 OU ft. above 
the sea at a distance of two miles from the crest. Its flood plain 
averages almost a mite in width. Three miles west of the pass 
the floor of Green River Valley is only 2,000 ft. above the sea. 
The railroads follow these valleys without difficulty except for an 
airdinc distance of three miles within which a tunnel is out 
beneath the pass. These two valleys are typical of the main 
valleys throughout the section. Some of them have gnidicnts 
of not over 10 ft. per mile to within four or five miles of the main 
divide. Rapids are wanting or, if present, are due to the super- 
posing of streams on rock ledges by deposits of glaciul gravel. 
Most of these main valleys are floored with gravel which the 
streams are not very actively eroding. On the strength of this 
it has been affirmed that the northern Cascades are as deeply 
dissected as is possible with their present elevation and that 
their relief within the current erosion cycle is therefore at its 
maximum. 

On the other hand the tributaries of these main east* and wear* 
flowing streams are generally steep, often torrential . Some of 
them occupy hanging valleys, plunging into the main sfreams 
through canyons while their headwaters have relatively gentle 
slopes. These features suggest that the main valleys owe much 
of their depth and their low gradients to glacial erosion. The 
extent to which this is true remains undetermined.* 

'SiOTH, G. 0., and Calkins, P. C., U. 8. G«ol. Survey, folio 139, p. I, 
definitely affirm a large amount oi glacial eroeion, although the area referred 
to in thol r report is near the sou them limit of active glacial erosion . l I , 
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Stehekin -Chelan Valley. — The effects of glacial erosion in the 
valley of the Stehekin River and Lake Chelan is unquestionable. 
This valley is 88 miles long from Cascade Pass to the Columbia 
River. Of this entire distance the lake occupies the lower 65 
miles, Its width varies from one to two miles and its maximum 
depth is 1,419 ft. As the surface of the lake is but 1,079 ft. 
above the sea the lowest point in its basin is 340 ft. below sea^ 
level. There is no evidence of an old channel at a corresponding 
depth farther down the valley. The mountains on either side 
rise to altitudes of more than 7,000 ft. in a distance of six or more 
miles, and long spurs reach within two miles of the lake at 
altitudes of more than 6,000 ft. The upper portion of the valley, 
occupied by the Stehekin River, is of the same character. All 
these features, the steep slopes, broadened bottom, hanging side 
valleys, and depth below sea-level, indicate glacial erosion on a 
grand scale. If the depth is due to stream erosion it is necessary 
to assume subsequent sinking of at least 500 or 600 ft. Of this 
there is no evidence. The Ice in this valley must have had a 
depth of more than 4,500 (probably 5,000) ft. Like other 
streams heading at the main divide, the Stehekin has a low 
gradient near its head.^ 

Generally speaking the streams in the Cascade Mountains are 
not adjusted. In a few cases they are influenced by the distribu- 
tion of strong and weak rocks, but on the whole the courses seem 
to be otherwise determined. They may have been consequent 
on the Cascade peneplain.* 

Longitudinal Valleys at North End.— At the north end of the 
range the main streams are longitudinal, some flowing north, 
others south. Two such valleys are especially deep and signifi- 
cant, the Skagit which flows south near the 121st meridian and 
the Pasaytan which flows north in long. 120*30\ These valleys 

IT. S. Geol. Survey, 20lh Ann. Rep<., pU II, p. 151, e^preasM the opinion 
that the Cascades were almost as deeply dissected before glaciation as at 
present. The diacrepaocy between these views is not necessarily groat, 
since hanging valleys are caused by the broadening of main valfe 3'8 as well 
as by their deepening. 

t For an adequate description and discussion of this remarkable lake, see 
W'lLUS, Bailet, Contributions to the Geology of Washington, U. S. Gcol. 
Survey, Prof. Pap. 19, pp. 68-63 and 81-83, 1903. 

t Russell, I. C., fcc, at, p. 146; also Dalt, R- A., Geology of the North 
American CordiUera at the 49th Parallel, Can. Gcol. Survey Mem. 38, 
p. 624, 1912. 
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subdivide the northern Cascades into three parallel subranges. 
The central or Hozomcen Kangc lies between the rivers named 
nnd is the direct continuation of the main Cascade divide. West 
of the Skagit Kiver is the Skagit Range which includes Ml. Baker 
near its western margin. I':ast of the Pasaytan River, and 
extending almost to the Okanogan River is the Okanogan Range. 
It includes the spacious upper valley of the Methow which flows 
south to the Columbia. 

Climate akd Its Effects 

Climate is a very important factor in the Cascades, not only 
on account of its influence on vegetation but because of its 
influence on topography. Because of the prevailing westerly 
winds from the Pacific the precipitation is veiy great, especially 
on the western slope. Much of the precipitation occurs as snow. 
Snow squalls may occur any month in the year. Large banks of 
snow survive the short summer even on the eastern side. The 
most magnificent forests of the United States (except the small 
areas of Redwood in California) cover the slopes up to an alt itude 
of about 7,000 ft. The more abundant rains of the western slope 
cause a rank growth of underbrush and moss, thus excluding 
grass. On the eastern slope arc park-like openings with grass,' 
As might be expected, the western slope has most of the glaciers 
and its topography is more aiTecled by glacial erosion in the past. 

The three parallel subranges at the north end show a striking 
progression both with respect to present climate nnd vegetation 
and with respect to glaciation and its effects. In the altitude of 
their highest crests and peaks these ranges differ little. In the 
Okanogan Range on the east, the ridges arc poorly forested and 
support much grass, dense forests being confined to the valleys 
of the larger streams. The few small glaciers which survive are 
on the highest peaks at the head of the Pasaytan River and arc 
confined to slopes protected from the sun. P;ist glaciation has 
left the higher peaks surrouncletl by cirques and has affected most 
of the ridgi's* but bread areas of moderate slope remain at high 
altitudes.^ 

' ItuHftKLL, I. C., V. 8. Oool. Survey, 20fA Ann. He/J., pt. II, pp, 01-03 
1800. ' 

> Smith, G. O., and Calxinis K. C., U. S. Oeol. Survey, Bui/ 236 i>i> 
16-10, 1004. ' ' ' 

* D*Ly, U. A., iac. at. p. 610, 1012. 
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The Hozomeen or central range is similar on its eastern side 
to the Okanogan Range but its denser forests with more under- 
growth and less grass begin to show the effects of greater pre- 
cipitation as its sharper alpine features indicate greater effects 
of glaciation. These features are very marked in its western 
part where all the higher peaks support glaciers even now. 
Hozomeen Mountain. Castle Peak, and many others are typical 
Matterhorns. The Skagit or western range, though no higher 
than the others, is still more nigged because of the greater effects 
of alpine glaciation. With its dense forests and rank under- 
growth it is practically impassable and unknown even to pros- 
pectors. Glaciers are more abundant in these mountains than 
in any other locality except around Glacier Peak. The western 
portion of the range is lower and characterized by accordant 
ridges giving the appearance of a dissected plateau. The 
vicinity of Mt. Baker is described on page 424. 

middle cascade mountains 
Descriptiox 

Northern End. — The southern end of the Middle section 
strongly resembles the Southern Cascade section os the northern 
end resembles the Northern section. Between the two types 
there is a transition, probably gradual, in the imperfectly known 
central portion of the section. In the northern part of this 
section the accordance of crests is similar to that in the northern 
Cascades. Here also the peaks are separated by similar deep 
valle)^ and the horizon is surmounted by towering volcanoes 
built since the development of the nearly level surface in which 
the valleys are cut. Mt. St. Helens (10,000 ft.) and Mt. Adams ^ 
(12,470 ft.) much farther south (lat. 46®) stand in the same 
relation to the surrounding topography, and also Mt. Hood 
(11,225 ft.) south of the Columbia lUver (Fig. 154). Sitndw 
descriptions have even been applied to the vicinity of Mfs. 
Jefferson and Washington between the 44th and 45th parallels, 
but this part of the range is imperfectly known. It is known, 
however, that peaks of exceptional height rise above the average 

* A beautiful view ahowtog Mt. Adame and the platform on which it 
stands is given by M. IL Campbell in the Guidebook of the Western United 
States, Part A, Northern Pacific Route, U. S. Geol. Survey, BuU. 611, pi 
XXIII, p. 167. 
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level. AmoDg these, named in order from north to south, an^ 
Mt. Jefferson and Mt. Washington, Throe Sisters, Mt. Theilson 
and RIt. Pitt, the last named being in lat. 42^0' at the southern 
end of the Middle section. Kxcept for the deep transverse valley 
of the Columbia the general crest level is similar to that of the 
northern Cascades though on the whole It declines southward. 
Near Mt. lUinier it is 7,600 ft., but levels of 6,000 and even 5,000 
ft. arc known farther south. 



F:o. 155,— K«immU ol the C'asnulc Uaiicc vouth of ('ro«»r I.akc^. Unioii IVak 
at (h^ riahl ujmJ Mt. Mol^nuahlm in the diiUarK^ «re volr.iiiip roum. 'J'hc 
niodcrutply IpvmI horixin ubrrVT vrhirh thene jicHke rUe is JsrKcly dplcrmixird liy 
thp surfupe of tova fl'»ws. Unlike the iaulaled volenn<ies of the Norllirro ('u»« 
reirleii. whirh stand on un «>l<lcr aurfuee, llteoe are of the sume muc ns tlip 

eurroiiiiOiriK H^tcuu. 1*he formA. huih vt ihe er»nee an<l of (he {>lnteBui, tire 
const rue liunni rather (hall destrurtivnal. {Co)i 0 righi hg Frrd //. Kitter.) 

Southern End.— In southern Oregon the range is clearly but 
a phase of that which has lioon described as the southern ('uscades, 
It differs from the latter only in l)eing a more continuous range 
and in affortling greater evidence that its height is in piirt due 
to crustal movement instead of wholly to volcanic accumulation. 
Near the southern limit It lacks the accordant summits and hence 
the plateau-like appearance of the (‘ascades farther north. 
Moreover the volcanoes which crown it represent sources of the 
material which const it lit e.n the range instead of lH»ing later super- 
added or secondary features. Where a plateau Icvcd is found at 
intermediate heights its history has not lieen essentially different 
from that of the cones. 
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This difference in the relation between volcanic cones and the 
general surface affords the great genetic contrast between the 
northern and southern Cascade types. It is possible to conceive 
of gradation between these types by assuming the widely spaced 
cones of the north to become more and more abundant toward the 
south until their lava flows and slopes meet. On this supposition 
the peneplain of the north may not be found at the south, simply 
because it is covered up.‘ It is, however, not known to have 
been developed in the southern half of the range. 

Sroren’RE 

Crustal Uplift.—The evidences of uplift as contrasted with 
mere accumulation are clearest at the north end. The widely 
extended summit level or uplifted peneplain is here continuous 
from the crest of the range to the eastern footliill bell where, in 
the vicinity of ICIIcnsburg and North Yakima, it is well preserved 
at altitudes ranging from 3,000 to 4,000 ft. This latter district 
has been well studied’ and affords conclusive evidence of crustal 
uplift which increases westward. However thick the lava msy 
be on the summits to the west, the range owes its present altitude 
to uplift, not to accumubtion. 

The Columbia River In its great transverse gorge has cut down 
through thousands of feet of lava. The several lava flows are 
here arched upward in a complex anticline. On the assumption 
that they were originally horiaontal, the range has been lifted 
some thousands of feet along its axis.’ Farther south the 
evidence is less clear. The steepness of the escarpment west of 
the Deschutes River has been thought to suggest faulting but 
this Is not demonstrated. In southern Oregon, however, the 
eastern front of the range has locally all the features which in the 
basin ranges are ascribed to faulting. In the Cabpooya Moun- 
tains, a western spur at the south end of the Willamette Valley, 

» DiLLKR, J. S., Tertiarv Revolution In the Topography of the Pacific 
Coast, U S. Gcol. Survey, 14lA Ann, Rept., pt. II, p- 410, 1892. I^Ucr 
here suggests a aingtc extensive peneplain over middle and northern ^h* 
fornia and southern Oregon, passing beneath the lavas of the southern 
Cascades and the Great Basin. 

’ U. S. Gcol. Survev, folios 86, 106, and 139. 

• Russell, V. 8. Geol. Survey, 20tA Ann. Rep(., pt- II, p. 146, gives ft 
nearly uniform eastward dip of 4 deg. along a line wmwhat south of the 
Northern Pacific Railroad. In the gorge of the Columbia there are easterly 
dini^ as high as *4 deg. 
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the lava flows, which cover the spur at iU eastern end, dip both 
ways fro m the crest . This would in dicate f hat t he spu r is a n a n I i 
dine' similar to those on the east side of the range in Washington. 

Volcanic AccumuUtioo.— Throughout the southern part of this 
section the lavas are like those of the southern Cascades, andesitic 
and hence less fluid when melted than are the basalts of the 
plateaus to the east. Generally the line between the two kinds 
of rock at the foot of the mountains is marked by abrupt change 
of slope. ^ While allowing for an undetermined amount of uplift. 
Diller calls the range south of the Columbia River and including 
the southern Cascades "a great pile, chiefly of viscous andesitic 
lavas from many confluent cone-capped vents in strong contrast 
to the eoneless basalt plains in the formation of which the higli 
degree of fluidity was the most important factor." 

Local Dcscriptions 

Crater Lake. — Probably the best known landmark in the 
middle Cascades is Crater Lake^ situated at an altitude of 6,117 
ft. in the crest of the range in lat. 43®. The lake is nearly 
circular, having a diameter of five to six miles (Fig. 156), Its 
greatest depth is 2,000 ft. The walls of the basin rise precipi- 
tously to heights ranging from 500 to 2,200 ft. alwvc the water. 
From thU juggl'd rim the surrounding country slopes away in 
all directions as from a volcanic cone (Fig. 157), It U plain that 
this truncated cone is the b^uuil portion of a volcano whoso top 
has disappeared. Geological evidence shows that it must have 
been engulfed. The resulting basin is the best example of a 
raider a in America. Ilenewul of volcanic activity has started 
a new cone within the cahleni. This almost perfect cone rises 
763 ft. above the surface of the water and is called \\'iaaiHl Island. 
It consists of scoria, so fresh and pilc<l with so steep a slope that 
they slide down l)cncath the feet of the climber, thus making 
nacent very tiresome. The exceptional scenic grandeur and 
scientific interest of this feature have caused the United States 

' Huggeated by Dillbh, J. 8., The Bohmian Mining District, U. S. 
Ocol. Survey, 7XUh Ann. Htp., pt. II, p, 10, 1890. 

* Dillbr, J. 8., The Relief of Our Pacific Coast, Seitnee, vol. XLI d 56 

1915. ’ 

* 8eo Crater Ukc topographic sheet of the If. 8. Geol. Survey. A doaerij*. 
lion and explanation of the lake and vkiniiy are printed on the hack of tha 
*nap. 
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cono ruing abovo a plateau. Its outer sJop« may 

the form of the old %oleaoo before jta upper part fell in. (Photo by DUlcr.) 
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of I he sr(*ut ettiie whieli formerly atood af>ove the j)rc$ent rini. (f. S. Oio/. 
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Government to set aside the Crater Lake National Park. The 
peaks on the jagged rim of Crater Lake are collectively known as 
Mt. Mazama, this name being applied also to the now vanished 
cone. 

Border Features. — On the west the Middle Cascade section 
borders on the Puget trough (which includes the Willamett(^ 
Basin) as far south as lat. 44^. South of that a transverse spui 
(the Calapooya Mountains mentioned above) connects the 
Cascade Mountains with the Oregon Coast Range. This spur 
is generally regarded as a part of the Cascade Range. Kxcept 
in its eastern part it is not composed of the late cruptives which 
cover the Cascades nor was it built up in the same manner. Its 
rocks and structure are more like those of the Oregon Coast 
Range.' This transverse ridge constitutes the divide between 
the longitudinal Willamette on the north and the transverse 
Umpqua on the south. South of this divide the main streams 
are transverse and flow from the crest of the Cascades directl}' 
to the Pacifle. This continues to be true until the end of the 
Middle Cascade section is reached; beyond that, in the southern 
Cascades, the IClamath River crosses the entire Mountain 
province. 

For 20 miles south from the Calapooya Mountains the bound- 
ary between the Cascade Range on the east and the Coast Rang<* 
und Klamath Mountains on the west is clear, but for the next 90 
miles to the south it is topographically obscure. It is fixed by 
definition at the contact of the volcanic rocks which make the 
Cascades with the sedimentaries which make the Coast Range 
and the Klamath. This criterion is too significant to be ignored 
despite the weakness of the topographic contrast. A rather 
prominent and continuous valley followed by the Southern 
Pacific Railway lies 10 to 35 miles farther west within the Coast 
Range and Klamath sections. 

The boundary on the east is not defined by any other criterion 
than that of slope. Throughout most of the distance *‘the foot 
of the range” is fairly clear. Probably for most of the distance 
south of the Columbia the base of the range is not far from (he 
line where the less fluid andesites of the mountains give way to 
the more highly fluid basalts of the Great Basin and Columbia 
Plateau. 

^ Dillsr, J. S., Guidebook of the Western Ignited Statca, Part D, Th«t 
Sheet a Koute and Coast Line, V. S. Geol. Survey, BuU. dl4, p. 39^ 19X6. 
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From the latitude of Crater Lake to Upper Klamath Lake at 
the south end of the section, the Williams River flows south at 
the foot of the range. Russell states that between the headwaters 
of the Williams and the Deschutes (lat. 43® to 44®) the young 
volcanoes of the Great Basin simply increase in number and 
height toward the west until by their close crowding they form 
the Cascade Range. ' Even here the line is fairly clear. West of 
the Deschutes Valley the mountain front is continuous and clear 
(page 432). The boundary north of the Columbia is described 
on page 264. 


PHysiOGRAPHic History op the Middle and Northern 

Cascades 


Pre-peneplain History. — The first chapter in the history of 
the Cascade Mountains is recorded only in their structure, not 
in the topography. This indicates that a previous range probably 
contemporary with the older Rockies’ occupied the site of the 
present one, but probably only in the northern part. These 
earlier mountains were made by folding, not veiy different from 
that of the Appalachians,’ but there were also batholiths of 
granite similar to but smaller than those of the Sierra Nevada. 
These mountains have been worn away and the truncated strata 
which composed them are now found steeply inclined. Rocks 
of somewhat different hardness are thus exposed and it is a 
significant fact that the present drainage has not become adjusted 
in any marked degree to these differences.^ 


* Rtoell, I. C., U. 8. Geol. Survey, 252, p, 16, 190$. This is not 
necessarily incotuistent with the prevkmsly cited sUtemeot by Diller tb&t 
the rocks of the Cascade Range differ from those of the Creat Basic. 

^ Smith, 0. 0., Elleosburg folio 86, U. 8. Geol. Survey; also SictB G. 
0., and Calkins, F. C., Snoqualmie folio 139, U. 8. Geol. Survey. 

* RirssfcLL, I. C., U. 8. Geol. ^rvey, 20th Ann. RepL, pt. II, p. 138, 1899. 

*Dalt, R. a., Can. Geol. Survey, Mm 38, pp. 620 and 627, 1912. 

The account of Cascade history here given is the one commonly accepted, 
at least in the United States. It assumes the development of a peneplain 
in Pliocene time and its subsequent uplift and dissection, to make the present 
mounUins. This has been controverted at length by Daly in the memoir 
referred to. The most weighty objections raised are based on (1) the short 
time allowed for one complete erosion cycle and another brought to maturity 
whereas in eastern UniW States it has been customary (at least up to the 
time of Daly’s writing) to allot a vastly longer time to such tasks; (2) the 
lack of stream adjustment, it beii^ generally agreed that in the base-leveling 
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The makiog of the first mountaiDS was followed by other 
crustal disturbances so that effective base-leveling was deferred 
until the latter part of Tertiary time. The vast inundations of 
basalt which covered the Columbia Plateau and much of the 
Cascade Range came relatively late (Miocene) but even at that 
time the surface was still rough, at places mountainous. On the 
eastern fiaak of the range in Washington the outflow of basalt 
was followed or accompanied in its later stages by sinking which 
made broad lake basins and by the filling of these with lake and 
stream sediments. This must have taken considerable time. 
Still later came an uplift by which the range was raised, not as a 
unit but as a series of blocks or folds trending east by south. 
This event followed the Miocene period. 

Cascade Peneplain.^If the history of the range as a whole 
may be inferred from that of its eastern flank, it was not until 
after all these events that erosion was permitted a relatively free 
hand in base-leveling the range. The time was thus limited 
to the Pliocene.* The minimum relief which remained to be 
erased in the middle C'ascades was that which was imparted by 
the last (post-Mioccne) uplift. In the Yakima Basin this was 
at least several thousand feet. To this must be added the 
altitude (whatever it may have been) of the lava surface previoiis 
to the uplift. It ca nnot be positively asserted that this altitude 

of mountiini the Btreems should odjust thomsclw* within the first cycir. 
Ho Bubstitutoe for the twcwjycle hypothoeU otic which provides for post- 
Crctaceoua mount tin mekins (with minor uplift Utcr) and the employment 
of all Tertiary time in the reduction of tbeae mountains to their present 
fo rm- The acco rdance of creat le vela ib expla Incd by I he more rapi<l vast in g 
of high pcaki and creala than of lower onca, partly because of the protection 
afforded by foreata and partly becauae of the great effect I vencaa of cirque 
orewon at a level not far from the timber line. (Only major poinla hero 
aUted.) He finda, however, that the general level and the relief at the 
cloao of tho Miocene were much lower than now, porhapa "late maturity or 
even old age locally," and that an uplift at that time occaaioned the preaent 
canyona. It ahould be noted that the tendency to reduce the geologic age 
^^eplainB in caatem United 8tatea haa grown rapidly aince the time of 
Dwy a writing. This would remove one of the motivea for propounding 
a different theory. The prevailing lack of adjustment still remains some- 
thing of a problem. Examples of local adjustment in the Mt. Stuart 
quadrangle are given both by G. O. Smith, folio 106, and bv I. 0. UuaseP 
U. 8. Gool. Survey, 20th Ann. Rept. ' 

^ ' Wii.Li«, B., U. 8. (;col. Survey, Pap. 19. p. 69. 1003, wouUI allot 
moat of the Pliocene” to thia pcncplatiing. Humti], loc. p. lu 
thmka it may have lasted into Plewtoccne time. ’ 
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was anything at all, for volcanic accumulations may subside, as 
in the Ellensburg Basin (page 232), and the surface was also 
being lowered by erosion during the deposition of the sediments 
farther east. As to the height imparted by the post-Miocene 
uplift, the cross-folds on which all the evidence depends seem to 
die out toward the west. It thus appears that the amount of 
relief to be reduced in the Pliocene base-leveling process may 
have been comparatively smaU. There is nothing to show that 
it was anywhere greater than in the Yakima Basin. 

In the Northern section where the lava cover is absent, the 
total relief to be erased in the Snal epoch of peneplanation is that 
which was imparted by the post-Miocene uplift plus that which 
existed before that event. The former is an unknown factor 
over most of the range. As for the relief which existed before 
the uplift, it is inferred from the vicinity of Mt. Stuart that it 
was as much ns 1,500 f(.^ This is a district of strong rocks which 
has at present, and may well have had at that time, approximately 
the maximum relief for the range. 

It is thus seen that Che amount of relief remaining to be erased 
by Pliocene base-leveling was not demonstrably large and may 
have been small over most of the range. It is likewise uncertain 
how much relief remained at the close of the epoch when the 
so-called ''peneplain'* was uplifted and a new erosion cycle was 
begun. ^ 

Uplift of the Peneplain. — The final uplift of the Cascade 
peneplain gave to the range its present height, made possible the 
cutting of deep valleys, and conditioned the glaciers. As in the 
preceding uplift, the range was not lifted as a unit, but, on the east 
side at least, was more or less subdivided into blocks or folds 
trending cast by south, but this condition is not known to affect 
the west side nor does it extend south of the Columbia River. 
These transverse uplifts followed old axes more or less closely 
and revived the long spurs on the east side like the Wenatchee 

» Smith, 0. 0., Mt. Stusrt folio 106, p- 7, V. S. Geol. Survey. 

^ The reason for this discussion, showing that the task of Pliocene pcoe- 
planation was not necessarily large, is found in Daly'a argument (footnote, 
p, 436) based on the insufficiency of time allowed for the task to be 
performed. His argument was baaed largely on the assumption that a 
Cretaceous peneplain is in pari preserved in eastern United States. As this 
so called Cretaceous peneplain” is now believed to be of later origin, the 
difficulty with respect to Pliocene peneplains in the West is not what it 
was at the time of Daly’s writing. 
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Range and the lower swells described on page 426. At the same 
time the range was divided at the north end by longitudinal 
depressions into the three subranges. This last uplift raised the 
peneplain in Washington to altitudes ranging from 6,000 to 
8,000 ft. Disregarding the minor transverse folds, the last defer* 
mation was in the form of a broad arch 50 to 100 times as wide 
as it is high. The top of the arch is, however, notably flat, as 
compared with the steeper flanks.* 


Pro. 1S8.— Lavft flow buryini %n old on ibe Cftocado Mountaini 

of Oroson. Thit iurkmu the manner in which the Middle Caacadee wore 
covered and built up. tfihcto hv //> M** Fa*r6aR<:«.) 


Drainage History. — To some extent the present streams are 
consequent on the slopes of the deformed peneplain. It was 
believed by Russell that the main divide was thus fixed and the 
major casU and west-flowing streams thus determined.’ This 
remains unverifled and is not essential to the peneplain hypothe- 
sis. It involves the assumption that the peneplain was reduced to 
extremely low relief, since otherwise the very gentle lateral slopes 
of the arch would have been insufficient to divert the former 
streams from their established couises. On the other hand the 
north and south slopes of some of the transverse folds are much 


‘ WiLLts, B,, U, 8 . Geol. Survey, Pr^. Pap. I®, Plate VII la a contour 
map of tho Wrnatehrc-Chclen district showing by contours also the altitude 
of the rofltored peneplain. 

* KusexLL, I. C., lor. eU., p. 146. 
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steeper and seem without doubt to have controlled the present 
drainage lines.* 

Examples of well verified consequent drainage can, however, 
be more than matched by others of antecedent drainage. Of 
these, the striking example of the Yakima River has already been 
mentioned (page 265, Columbia Plateau). At the north end the 
Skagit River after following its well open valley south across the 
International Boundary turns west in a deep wild canyon, cut 
across the rising Skagit Mountains. 

The course of the Columbia is plainly antecedent to the last 
uplift. The mountains rose across its course in a complex fold 
or series of folds; the channel was lifted and rapids resulted but 
the stream held its course. Even now the channel is far from 
graded, At the Cascades (from which the range takes its name) 
40 miles east of Portland, the Columbia descends to sea^level by 
a series of rapids 50 ft. in height. This may indicate that the 
grading of the streams has never yet caught up with the oppos> 
ing process of uplift; or the uplift may have been renewed by 
folding or by faulting. It is possible, however, that a rock slide 
or slump may be the cause of the Cascades.* 

Dissection of the Peneplain. — Since its uplift the peneplain 
has been maturely dissected. Its former existence in the moun* 
tains is inferred, not from flat remnants but from the accordant 
heights of neighboring ridges. Where these are broad-topped 
and smooth it may be inferred that they rise approximately to 
the level of the old peneplain. Where they are sharp, jagged 
crests, their altitude is already decreasing. The amount of such 
decrease already accomplished can only be conjectured but has 
been placed at not leas than 200 to 600 ft.* 

In general the localities of greatest uplift have been those of 
most complete dissection and greatest subsequent loss of altitude. 
This is well illustrated by comparing the vicinity of Mt. Baker 
with the district just east of it. The former, having an altitude 
of less than 6,000 ft. (exclusive of Mt. Baker), has preserved its 
broad smoothly rounded crests which collectively are strikingly 
like a dissected plateau. To the east and in the same view are 
crests several thousand feet higher, steep, narrow, craggy, and 

‘ Smith, G. 0., and Calkins, F. C., SnoquaJmie folic 139, IT. S. G«ol, 
Survey. 

* DiLLBR, J. S., U. S. Geol. Survey, BuU. 614, p. 27, 1916. 

• Willk, B., U. 8. Oeol Survey, Pr^. Pap. 19, p. 76, 1903. 
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often impassable. Both topographies were apparently carved 
from the same peneplain, the difference being due to unequal 
uplift. There id a similar but still greater contrast at the northern 
limit of the province a few miles north of the International 
Boundary. Here the Cascade Mountains with peaks of 7,000 
to 8,500 ft overlook the Plateau of British Columbia several 
thousand feet lower and consisting of broad roQing uplands and 
rounded divides, separated by valleys of no great width. Greater 
uplift on the south has caused more rapid advance in the erosion 
cycle,* 

To whatever extent (he Columbia Plateau remains uncovered 
by later lavas, its surface is part of (he same peneplain. Students 
of its western margin have so regarded it.* As compared with 
the mountains, the lower elevation and drier climate of this 
margin have favored (he preservation of the upland surface. On 
the broad ridges of the Yakima district the peneplain has been 
little affected by erosion (page 264). 

In the vicinity of Lake Chelan there is evidence that the uplift 
was not all at one time.* Here it appears that an uplift of several 
thousand feet was followed by mature dissection and that the 
remainder of the rise came in relatively recent time, causing the 
already mature valleys to be deeply trenched by canyons. 

Volcanic Cones. — The eruptions which made the great cones 
from Mt. Baker on the north to Mt. Hood and probably even 
farther south occurred at some time after the making of the 
peneplain. Some of (hem at least, as in the case of Mt. Baker, 
came after the present deep valleys had been cut. 

• Smith, G. 0., snd Galsins, F. C., U. 8. Oeol. Survey, BvU. 235, p. 00, 
1004. 

’ WiLUH, B., tcc. «<,, p. 71, 1003. 

* Wilms, B., loe, cU., p. 68, 1003. 



CHAPTER X 


PACIFIC BORDER PROVINCE 
GENERAL 

Chain of Coast Ranges. — Throughout most of its length from 
north to south the Pacific Border province is divided into a chain 
of mountains on the west and a chain of valleys on the cast. 
Most of the mountains are familiarly called the "Coast Ranges" 
but the application of this term is not uniform. Their northern- 
most representative in the United States is the Olympic group in 
Washington. The chain is continued northward in Vancouver 
Island, British Columbia, and the Queen Charlotte Islands. 
Named in order from north to south, the chain in the United 
States includes the Olympic group, Oregon Coaat Range, Klamath 
and California Ranges, and the ranges of the Angeles section, 
sometimes called the "Southern California Coast Ranges.^’ 
(For index maps see Fig. S3, page 226; Fig. 132, page 368; and 
Fig. 141, page 397.) 

Line of Great Valleys. — East of the Coast Ranges is a line of 
valleys, though the line is not uninterrupted. North of the 44th 
parallel is a continuous trough embracing the Willamette Valley 
of Oregon and the Cowlits, upper Chehalis, and Puget Sound 
Valleys in Washington. It is continued northward in the sounds 
separating Vancouver and the Queen Charlotte Islands from the 
mainland of British Columbia. This great trough represents 
a continuous axis of crustal deformation.* 

‘ Unfortunately the term ''Coast Range of British Columbia” has been 
applied to the mountains lying east of this trough. If the name were merely 
a descriptive term this would be suitable enough rince they occupy the 
coast of the mainland, but the term “Coast Range” has come to be under- 
stood as a proper name rather than a common noun. As such it should have 
been applied to the mountains of Vancouver Island in order to be consistent 
with custom which applies it to the much better known Coast Ranges of the 
United States. The mountains of British Columbia, while not a continua- 
tion of the Cascade Range, are closely related to it and not to the Coast 
Ranges of the United States. 
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The series of great valleys is interrupted in northern California 
and southern Oregon (lat. 40^30* to 43^45')» where the Klamatli 
Mountains are in contact with the Cascades. The interruption 
would probably be less were it not for the vast accumulations of 
lava which have, in places at least, filled a depression before 
piling up as mountains. South of that barrier is the Great Valley 
of California. 

The Gulf of California, though separated by important moun- 
tain ranges from the Great \*alley, is sometimes spoken of as 
continuing the same great series of depressions toward the south.' 
This gives a line of Pacific Border depressions 2,500 miles long, 
the ends of which are submerged beneath the sea and the inter- 
mediate portions in part filled with surficial deposits to great 
depths. The Gulf of California may be regarded us a member 
of this series or it may represent a more easterly depression to be 
correlated with Death Valley and others east of the Sierra Nevada. 
The former view would be correct if the great mountain mass of 
Lower California is looked upon as a continuation of the Coast 
Ranges of California. In the scheme of divisions here used, this 
question is left open by making it a separate province. Its 
relations to the Sierra Nevada may be quite as close as to the 
Coast Range. 


PUOBT TROUGH 
GknbraL 

The Puget Trough is a long valley enclosed on the east by the 
Cascades and on the west by the Olympic Mountains and the 
Oregon Coast Range. Its northern end (within the United 
States) is occupied by Puget Sound. Its southern end Is the 
Willamette Valley in Oregon. Between the latter and Puget 
Sound are the valley of the south-fiowing C’owlilz and the upper 
basin of the Chehalis River which flows directly west to the 
Pacific. That part of the trough which lies in the Ignited States 
is 350 miles long and about 50 miles wide at the north, narrowing 
irregularly toward the south and coming to an end where the 
Cascades meet the Coast Range of Oregon. Aside from a few 
exceptionally hilly areas, the altitude of its floor rarely exceeds 
500 ft. and is generally less. 

* SuiTii, G. 0., and WiU4S, B., Tacoma folio 54, p. 1, U. S. Gool. Survey. 
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Basik op Puget Sound 

Distinguishing Features.— With respect to surface features the 
Puget Trough must be subdivided into three or more districts of 
very different character. The northernmost and most important 
of these is the immediate basin of Puget Sound. In distinction 
from the rest of the section this Is the glaciated portion and also 
the depressed and partly submerged portion. 

The topography of this portion is almost wholly due to glacial 
ice and glacial waters. The ice came mainly from the north and 
was a lobe or tongue of the Cordilleran icecap' {Fig. 81, page 212). 
North of the Straits of Juan de Fuca the ice was predominantly 
an eroding agent but farther south deposition was the rule.' 
So thick are these glacial and glacioAuvial deposits that were 
they removed the entire basin would probably be an inland sea 
instead of being merely traversed by marine channels.^ 

Morainic Border. — The southern limit of this deposition of 
drift was 10 to 15 miles south of the sound. From Le Grande on, 
the Nisqually River {lat. 46®50') at the west foot of Mt. Rainier, 
the boundary line runs west by north across the valley. On the 
west side it conforms in a rough way with the foot of the Coast 
Range. It agrees rather closely with the divide which separates 
the drainage to Puget Sound from the basin of the Chehalis River. 
A belt along the margin is ground moraine and terminal moraine, 
locally very rocky and hummocky. This ice-laid drift is deposited 
on the slope which rises southward and limits the Puget Sound 
depression.* The altitude of this moraine varies from 150 ft. 
to more than 1,400 ft. above the sea according to the nature of 
the surface on which or against which the ice terminated. South 
and west of this morainic belt, in the valley of the Chehalis River, 
are great areas of barren gravel and sand, due to outwash from 
the glacier, which followed the Chehalis River to the Pacific. 

^ Brets J Haresr, Olaciation of the Puget Souod Region, Washington 
Gaol. Survey, BvIL 8, p. 17, 1913. 

* Bretz, J HARLEff, Olaeid Lakes of Puget Sound, Jour, Gool, vol. 
XVIII, p. 448, 1910. 

^Bretz, J Harlbm, The Terminal Moraine of the Puget Sound Glacier, 
Jour. Cool., vol. XIX, p. 152, 1911. 

* This epeoially depressed district of which Puget Sound is the center 
is more extensive than the sound itself but, on the other hand, it must not 
be confused with the Puget Trough as deftnad above. 
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Gravelly Plains. — Inside the morainic belt the general level 
descends toward Puget Sound. Here and there the ice-laid 
moraine rises in hills, or forms lai^r patches of rolling country, 
as around Seattle, but between and around such areas is a lake- 
dotted and, in part, swampy plain whose substratum consists 
largely of gravel which was deposited as out wash from the 
glacier during its final shrinkage. The work of ice and the work 
of water are so com m i ngled that it is difficu It to cl ossify t he de posi is 
and their characteristic surface forms accurately, but nine-tenths 
of the material is said to be water-laid.^ The gravel which 
occupies much of the area, especially south of Tacoma, is almost 
free from clay, hence barren and almost worthless. 

Such tracts are in large part natural prairie, locally too porous 
to permit the formation of streams. Some of these prairies bear 
small mounds of roughly uniform size which, when well developed, 
suggest haycocks scattered over a field. (See page 271 ; also Kig. 
100, page 270.) Their origin has been much debated.^ Where 
the sorting effect of water is less marked and some clay remains 
mixed with the sand and gravel the forests arc very dense and 
the details of topography are very imperfectly known. A largo 
area east of Tacoma is known as “the Wilderness.” 

Erosion has modified these forms very little. The larger 
streams heading in the mountains reach the sound by broad flat- 
bottomed valleys, the lower ends of which represent filled portions 
of the sound itself instead of recent erosion. 

Some of the streams descending from the mountains have lost 
their old courses by being superposed on the drift (probably 
of an early stage). Thus the Nisqually lost its way near Lc 
Grande where it has since cut a canyon two miles long and, at 
one point, 400 ft. deep.* Seattle derives power from the Cedar 
River whose rapids are caused by similar superposition. 

The White River, which enters the flat Duwamish trough 
between Tacoma and Seattle is an interesting stream. It takes 
Its name from the milky appearance of its water due to the 
“glacial flour” supplied by the glaciers of Mt. Rainier. On 
^ Brbtz, J Harlem, Wash. Ceot. Survey, Btdl. S, p. 15, 1913. For more 
detailed deacriptionsece Tacoma folk) 54. U. 8. Geol. .Survey, 

* In Bull a, Wash. Ck?oI. Survey, 1913, Brels devote* a chapter to thcflc 
mounds, recounting the work and slatina the interpretations of earlier 
writers. For one class of these moiin«U he offers a plaii^hle explanation. 

*Kai;nder8, Edwi.m J., I', 8 . Geol. Survey. Wot. Sup. Pap. 313. pp, 15 
and 66, 1913. 



446 PHYS/OGRAPHY OF WESTERN UNITED STATES 


reaching the level floor of Duwamish Valley it deposits much of 
its load, building a low alluvial fan. On this fan the stream 
divides, most of it flowing north, the remainder flowing south to 
join the Puyallup. 

Rock Hills. — Exceptions to the topography above described 
are found in certain areas where the pre-glacial rock hills rise 
above the level of deposition. Some of these areas stand out like 
monadnocks on a peneplain, as indeed they may have been. Of 
this nature is Squak Mountain, southeast of Seattle, 2,000 ft. 
high . The Blue H ills between the two main ‘ ' inlets ” or “ can als 
of the sound are of the same kind. But the main area thus 
characterised lies north of Seattle, stretching in a broad north- 
west-southeast belt from Vancouver Island to the Cascade 
Mountains. It includes the San Juan Islands and the spurs of 
the Cascade Range east of Mt. Vernon. 

Puget Sound.— Puget Sound is a partially drowned drainage 
system, so modifled by temporary glacial channels that its valleys 
branch and reunite. Its lower northern portion is the broad 
Strait of Juan de Fuca, more than 20 miles wide opposite Victoria, 
British Columbia. Toward the south it branches out into 
various ** inlets’’ or ’^canals” having a total shore line of 1,750 
miles. G encrally these troughs have steep banks several hu ndred 
feet high with steep slopes below water level leading down to 
maximum depths of 600 to 900 ft. The gradual displacement 
of the water surface by mud bars, marsh, and finally solid ground 
is well depicted on the U. $. Geological Survey topographic map 
of the Tacoma quadrangle (see Fig. 150). 

The system of valleys which embraces the ^Mnlets” or canals” 
of the sound is much more extensive than the submerged area. 
The upstream portions of these partly submerged valleys are 
floored with silts and almost as flat as the former water surface. 
An excellent illustration is the Puyallup Valley southeast of 
Tacoma; also the Duwamish Valley connecting this with the 
sound at Seattle and followed by the Northern Pacific Railroad. 
The only difference between these valleys and the ” canals” is 
that the former are already filled and the latter not yet filled. 
Most of these bottom lands are liable to floods but they are 
nevertheless the chief farming districts of the region. The 
streams which traverse these flats are extending them by means 
of deltas in the inlets, slowly, of course, because of the great 
depths to be filled. Still other troughs are occupied by lakes, 
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such as Washington and Sammamish Lakes east of Seattle, but 
all these troughs, whether filled with salt water, fresh water, or 
silt, are parts of the same system and have a common history 
except for the last chapters. The gently rolling lands between 
the troughs are known as plateaus or “islands” whether the 
adjacent troughs are occupied by water or by alluvium, 



Flo. ISO. — Drown^ Vnllpy of rbambor* f'wit at low This 

valley openms Into Puirpt Soun«i le of the ume kind ae the **pana)»" or "inlcli” 
which ronetUiitc the eotind exrppt that U hae been SlbHj by olluHijm nt» to tlic 
IovpI of Jow lido. The Puyalhi|». Duwamwh. and other valleye •c\‘<Tnl nulp» 
Wide are of the aume kind but filled above high tide. {BrUs. WmH. <7eof, Hurvcif.) 


The shores of Puget Sound arc marked at many places by 
fragmentary terraces ranging in altitutlc from 20 to 100 ft. above 
sea-lcvcl. Marine shells indicate that some of these terraces 
mark the position of sca>levp| when the land stocKl lower. ‘ The 
extreme of submergence indicated by sliells i.s 250 to 280 ft. - but 
there are no terraces above 100 ft. Necessarily this low stand 
was since the glacial period. 

' Taroma folio 64, p. 5, V. K Gwl. Surwy; also Bn^xz, Jour. Ofol., vol. 
aVIII, p. 467. 

' Bbktz J H*RIEM, WMh. Grol. Surwy, Bytl. S, p. 22; . good siimroRry 
of thr goohgy of Puget Sound Is given l,y J. S. Dillor in his Gui.lvl.ook of 
the. \\c«lrm ^nlt(^d Hl.lcs, U. & Gool. Sunro,-. BsU. 6U, pp 11-12 foot, 
note, 1916 ^ ’ 
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Upper Chehalis and Co^^utz Valleys 

South of the glaciated area above described, the general eleva- 
tion is much the same but there are more rock hills. Several 
prominent lines of hills lie just south of the glacial margin, the 
drift being laid up against their slopes. This line embraces the 
Bald Hills, several hundred feet high, near the Cascade margin, 
and the Black Hills of equal height near the western margin. ‘ 
Other groups connect these, making what is sometimes called a 
spur of the Cascades. Similar but generally smaller hills and 
groups of hills lie farther south. All these are of the same 
character as those of pnsglacial origin mentioned above. The 
lowland has in part an old-age topc^aphy developed on non- 
resistant rocks. Much of it is covered with subaerial and stream 
deposits derived chiefly from the neighboring mountains during 
the glacial epochs. Cowlitz River has a broad valley much of 
which is occupied by gravel terraces.’ Except for small tracts, 
the entire area was once densely forested with Douglas fir, 
hemlock, and cedar. Much of it has since been logged or burned. 

Lower Columbia Valley 

After crossing the Cascade Mountains, the Columbia River 
flows north 40 miles before turning west through the Oregon 
Coast Range. Throughout this portion the Columbia i s drowned , 
the tide extending up to the Cascades, i.e., to the rapids from 
which the range takes its name. These rapids are 40 miles east 
of Portland, and 140 miles from the sea. On both sides of the 
north-flowing part of the river and for 20 miles south of Portlaod, 
the valley is more or less occupied by hills of basalt rising from 
700 to more than 1,000 ft. above the sea. Near the river, 
especially on the north side, they are widely spaced or wanting. 
Elsewhere they are more closely set, so closely at places that they 
merge into a maturely dissected plateau. Council Crest on the 
west side of Portland is a part of this j^teau; so is the billy belt 
which crosses Willamette VaUey at Oregon City, 10 miles south 
of Portland.* Within this belt are Willamette Falls (40 ft.) at 
Oregon City, and Clackamas Rapids a little lower down. 

I Brctz, J Harlsn, Jour. Gtol., vol. XIX, p. 163. map. 

> SAVNOEfcs Edwim, J., U. 8. Ceol. S«my, Wal. Sup. Pap. 313, p. 26, 

\m. ^ , 

* See Dillbr, j. S., Guidebook of the Western United States, V. S. Geol. 
Survey. Bull 614, pp. 29 and 30, 1916. 
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WlLLAUETTE V ALLEY 

The part of the Willamette drainage basin which belongs to 
the Puget Trough U for the most part the very flat alluvial plain 
of the Willamette and its tributaries. This constitutes two4hirda 



fio. ISO.— Detail of a portion of lh« braided channd of the Willamcttp 
Rivor, Oregon. Tba load earned by (hia atream aa large in proportion to ila 
power: henea the numeroiu bare and ehannela. On aeeount of the cxecaive 
load the river b unable lo cut down: hence the adjacent land Hoea riot slope 
toward the river. Extreote flatoeM of theaurfaeo ia auggeeied by tUo parallelism 
of the iptermitleot at reams, (i/otf^/iarf from tAe S. 6W. bv IVorrcn 

Bit Ph SmilA.) 

of the district here concerned. The remaining third belongs to 
the country of low basalt hills described above or has a moderate 
relief developed on young and non-resistant rocks. This valley 


450 PHYSIOGRAPHY OF WESTERN UNITED STATES 


is about 125 miles long and generally not more than 20 to 30 
miles wide. 

Above (south oO Oregon City, the Willamette River is a 
sluggish stream with an intricate series of meanders. Apparently 
a fault crosses the stream at this place, the block on the south side 
being uplifted at the edge and tilted south, thus helping to 
stagnate the stream higher up. Near Eugene, at the head of 
the valley, it is a web of sloughs or bayous (Fig. 160). The fall 
of the river measured along a straight line from Eugene (altitude 
450 ft.) to Portland, is less than four feet per mile and is very 
much less than that when the meanders are followed. By reason 
of insufheieDt fall and ample load of sediment from the adjacent 
mountains, it is an overloaded stream. The tributaries on 
account of their smaller volume are even less able to transport 
their loads. Beeause of the feeble currents, trees and other 
vegetation are able to invade the streams and help to crowd them 
aside thus stiU further impeding their How and lengthening their 
courses. Floods are therefore common. The growing flood 
[)lains arc confluent and together constitute a vast alluvial plain 
sloping north- The level of ground water la necessarily near the 
surface. This is the chief hindrance to agriculture.^ 

IDespite these adverse conditions the Willamette Valley Is by 
far the most important agricultural district of Oregon. It raises 
nearly one-half the hops ol the United States. Much more than 
half of the population of Oregon live in this valley including, of 
course, the city of Portland. 

PuYsiooRAPHic History 

Pre -glacial History. — About the time when the first Cascade 
Mountains began to rise (post-Cretaceous), and possibly even 
earlier, the Puget Trough began to sink and it remained for much 
of Tertiary time a sinking geosynclinc.* During this time it was 
receiving the sediments which constitute at present the underlying 
rock, not very resistant. These strata were then folded, closely 
at least in places. After that they were deeply eroded. 

‘ WiLUAWS, Ira A., Dninsge of Farm Lands in the Willamette and 
Tributary VaUe>*8 of Oregon, Mineral Resourcea of Oregon, vol. I, no- 4, 
1914; for a geographic discuaaion of the Wdlamette Valley, see Warren 
Du Pre Smith, Commonwealth Review of Oregon, Uttlv. Ore. pub., vol. 7, 
p. 145. figure 3 of that paper is here reproduced as Fig. 160. 

* Willis, B., Drift Phenomena of Puget Sound, Oil. Soc. Amer. Bull, 
vol. 9, p. 113. 2S08. 
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The Cascade peneplain must have covered this area so far as it 
lay above sea-level. It Is probable that the accordant tops of the 
basalt hills near the Columbia River represent this peneplain J 
If so, the same plain which in the Cascade Mountains was lifted 

6.000 to 8,000 ft. was hero lifud about 1,000 ft. plus the amount 
of later sinking. Since that uplift the Columbia has eroded a 
valley many miles in width and the peneplain, where not wholly 
destroyed, is post-maturely dissected. During the erosion of 
the basalt to the stage now seen, the old peneplain on the softer 
rocks in other parts of the trough was completely destroyed, 
giving way to the more recent lowlands of the Willamette and 
Sound Valleys. These newer lowbnds have since been in large 
part buried; in the north by glacial drift and outwash; in the south 
by sediments deposited when the Willamette and lower Columbia 
Valleys stood for some time below sea-level. Locally this newer 
lowland may have been & wcU-developed peneplain; elsewhere 
high hills remained (page 446). 

As suggested above, the Cascade peneplain was lifted above its 
present height, and the Columbia Valley was cut below its present 
depth. Later subsidence submerged the river valley up to the 
border of the Cascade Mount airw and caused a deep deposit of 
gravel and sand.* The channel at present presents a remarkable 
assemblage of islands, sand bars, and shoals.^ 

Gl<iciai //istery.— There were at least two advances of glacial 
ice with a long interglacial epoch. During each time of glacial 
occupation (Admiralty and Vashon epochs) the land around what 
is now Puget Sound stood approximately at its present level or a 
trifle lower. In the Puyallup interglacial epoch the level was 

1.000 ft. above the present. The deposits and topography now 
seen, in so far as they are not pre-glacial, were made mainly by 
erosion in the interglacial epoch and deposition in the last glacial 
epoch. 

The ice which came down as Piedmont glaciers from the moun- 
tains on both sides did not advance far into the basin. That 
which covered the larger central area came from the north 
following the great trough described on page 442. The front of 

» Dilles, J. S., U. a G«ol. Survey, BmII. 614, p. 30, footnote, aaya that 
thJspcncpIaiQia ‘related to a similar one m central Washington." 

* Repeated OMillations of level, not important in so general an account 
as this, arc mentioned by Dillcr, loc. cit., p. 30. 

* Sco Topographic Atlas, Portland sheet, U. & Ceol. Survey. 
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this lobe stopped on tbe hilly slopes south of the Puget Sound 
depression. The abundant waters from the ice, heavUy loaded 
with detritus, escaped mainly to the west by Chehalis Valley 
which became widely gravel covered. As the ice melted back 
toward the north, its abundant gravelly outwasb built broad 
plains, partly alluvial, partly lacustrine, which largely buried the 
till deposits. As tbe Ice front continued to retreat down the 
northward slope, but still blocking the natural drainage course by 
way of the Strait of Juan de Puca, local lakes necessarily fonned 
in front of the ice, and finally a larger lake developed known as 
Lake Russell.^ 

The work of water on the drift deposits was necessarily laige. 
There was melting ice on three sides with a large surface drainage 
from the mountains and probably from the north. Lakes and 
broad alluvial fiats lay in front. Moreover, tbe ice in its last 
advance moved over, and to some extent forwarded, immense 
deposits of sand and gravel laid down by water during the retreat 
of the older ice or in the interglacial epoch. It is not surprising 
therefore that the work of ice and tbe work of water are here 
inextricably mixed. Even the last deposits made by tbe ice were 
in large part rehandled by water. 

Origin of Puget Sound.— Puget Sound obviously had its 
origin in a system of erosion valleys converging toward the 
north. As the drift of the last glacial epoch has been very 
little eroded, even small lakes and hummocks preserving almost 
their original form, it is plain that these valleys were cut before 
the last ice invasion.* There was ample opportunity for this in 
the Puyallup epoch when the land stood 1,000 ft. above ite present 
level. The ice advancing from the north moved up these valleys, 
altering them a little by erosion but not changing their main 
outlines. A thin sheet of ice-laid drift covered the eroded surface, 
evening up its irregularities to some extent. The resulting sur- 

* Bbbte, J HABtaw, Cbcial Lakes of Pugrt Sound, Jour. vol. 

XVIII, p. 45S, 1910. ^ „ 

» Willis, B., Drift Phenomena of Puget Sound, GeoJ. Soc. Amcr. ffuu., 
vol. 9. 189^ interpreU these valleys as aoledating the older glacier. Bret* 
in a later report, made after an extensive study, Wash- Geol. Survey, BuiL 
8, p. 199, states that these valleys were made by streams that 
the outwash plain following the disappearaoc* of the older ice. ^at the 
valleys antedated the Uter ice invasion is agreed to by all. This la the point 
of interest to present-day pbyMogiaphy. 
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face was still further leveled up by out wash from the retreating 
ice front. ‘ 

Willis conceives that during the melting of the main ice sheet, 
stagnant ice filled the present ‘‘canals" and prevented their 
filling by outwash. The tabular character and abrupt slopes of 
the intervening “plateaus" favor the supposition that during 
outwash and aggradation the troughs had some kind of temporary 
filling.^ 

The possibility remains that a part of the depth of the “canals" 
is due to glacial scour. Considering the crooked courses of these 
valleys and their nearness to the edge of the ice, such scour could 
scarcely have been a major factor. It is therefore necessary to 
assume that since the valleys were cut the district about Puget 
Sound has been depressed about 1,000 ft. In agreement with 
this is the fact that the rock fioor beneath the glacial drift is 
below SCO-level. 

When, by the disappearance of the ice, the sea was lirst 
admitted to the sound the land was several hundred feet lower 
than at present. This is known by the presence of salt-water 
shells up to a level of 280 ft. above the present sea-level and by 
shore lines as much as 100 ft. above the present. (For recent 
rise along Pacific Coast see page 471.) 

The history of the Puget Trough south of Chchalis Valley 
involves glaciation only indirectly. The great subaerial deposits 
which cover so much of the valley floors were no doubt made in 
part during the time that glaciers were much more extensive and 
active in the adjacent mountains. 

During the melting of the last ice sheet the Willamette Valley 
lay below sea-level, although probably the water that covered it 
was kept fresh by an outward current.^ The same was true of a 
considerable area east of the Cascade Mountains. The valley of 
the Columbia both east and west of the Puget Trough was a strait. 
This was at the time when Puget Sound was last depressed, 
following the disappearance of the ice sheet. Over most of the 

‘ Busts, J H., Glseiation of the Puget Sound Region, Wash. Gcol. Survey 
fiuU. 8, pp. 18 and 215, 1013. 

* WtLLiR, B., Drift Phenomena of Puget Sound, Cool. Soe. Amcr. BuU.. 
vol. IX, p. t55, 1898; also Taeoma folio 54, U. S. G^l. Survey. 

* Bretz, J H., The lAte Pleiotoccne Submorgenee in Ihe Columbia Valley 
of Oregon and Woehinglon, Jour. GeU., vol. XXVII, 1919; Dillbr, J. 8., 
Reconn aiosance in Northwestern On^n, U. 8. Geol. Survey, I7tk Ann 
Jtnpt.. pt. I. p. 487. 1808 
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Willamette Basin the soil is derived from sediments laid down 
tn this sound.' Boulders from the mountains, scattered over 
the plain, are accounted for by icebergs floating in this sound. 
Alluvium of the river and its tributaries and subaerial wash 
from the mountains cover, as yet, but a minor part of the valley 
floor. 


Resources 


On the borders of Puget Sound is the chief coal field of the 
Pacific Coast. Washington produces about 4,000,000 tons 
yearly, most of it from this section. Some of it is excellent 
coking coal. Ordinary bituminous and subbituminous varieties 
are also supplied. This coal comes from the folded and much 
eroded Eocene strata which underlie the glacial drift. 

Next to the products of the farm, timber and timber products 
constitute the largest item in the annua) production of wealth in 
Washington where they afhounted to 1235,000,000 in 1919.^ 
Five-sevenths of all timber in Oregon is said to be the Douglas 
spruce, commonly called “Oregon pine,”* With respect to 
forest products the Puget Trough is much like the Cascade 
Mountains but more accessible. The forests arc somewhat 
interrupted by prairies on the outwash plains of gravel near 
Puget Sound and more so on the plains of the Willamette Valley. 

Salmon, the most important fish of commerce except herring 
and oysters (commercially included in fisheries), are commercially 
more important in this part of the United States than at any 
other place in the world, and preeminently so in the lower or 
drowned portion of the Columbia River. 

Agriculture has displaced the forests in most of the flat-floored 
valleys around Puget Sound. Fruit growing is increasi^. 
Dairying is exceedingly important. Two towns in Duwamish 
Valley between Tacoma and Seattle produce daily 26 carloads 
of condensed milk, much of which goes to Alaska for which Seattle 
is generally the point of departure. Chebalis is a similar dairying 
center. 


1 WiLUAMS, Ira A., Drainage of Fann Unds in the 'Willamette Valley, 
'* Mineral Reeourcee of Oregon," vol. I, no. 4, i«14. . ^ 

•Pburteenth Censua of the United States; $22,000,000 /or 
1912, according to DiUer, U. 8. GeoL Surrey, Guidebook, BuU. 614, p. 28. 
• DuiBR, J. S., loe. cii.. p. 38. 
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OLYMPIC SECTION 

General. — The peninsula bounded by Puget Sound, the Strait 
of Juan de Fuca, and the Pacific Ocean is occupied mainly by the 
Oljmpic Mountains. A low strip on the east side from 2 to 10 
miles wide belongs in the Puget Trough both as to elevation 
and as to topography and history. There is also a very narrow 
low strip on the north, one on the west 10 to 20 miles wide, 
and one on the south about 30 miles wide. For convenience 
these latter are treated ns parts of the Olympic section. The 
section is almost severed from its neighbor on the south by 
the low valley of the Chehalis River whose lower course is 
drowned for 30 miles. 

Olympic Mountains. — Surrounded by these low borders, the 
Olympic Mountains occupy an area of about 4,000 square miles. 
In their characteristic features they are not unlike the Cascades. 
Many ridges rise to altitudes of 4,500 to 5,000 ft., giving a nearly 
level or gently undulating horlson. Some of the tops arc broad 
and nearly level, apparently remnants of a former plain. Above 
this horizon rh'e exceedingly sharp ridges and crags, many of 
them between 7,000 and 8,000 ft. high (Mt. Olympus 8,200 ft.). 
Most of these higher mountains are within a circle of 40 miles 
diameter near the center. Away from the center of the group 
the plateau level declines and the dissection becomes more 
complete. After declining to levels of 2,000 ft., more or less, 
the mountains fall off rather abruptly to the lowlands. Most 
of the rocks are sedimentaries, deformed and to some extent 
metamorphosed in the act of mountain making.' 

Below 4,000 ft. the mountains are everywhere clothed with a 
dense forest mode more impenetrable by a luxuriant undergrowth. 
Above 4,000 ft. the forest opens locally and is less luxuriant. 
Timber line is at 5,000 to 5,500 ft. The level which limits the 
dense forests is therefore not very different from the prevailing 
crest level. 

The mountains which rise above the prevailing crest level have 
much park land and gross, but the higher peaks are in part 
snow covered. They support a number of small glaciers.^ 

» Willis, B., snd Smith, G. 0-, U. S. Oeol. Survey, folio 54, p. I, etato 
^hat some of the higher mountains arc volcanoes. 

» V. S. Geol. Survey, Pref. Pap. 7, see dcscriplionsof the several townships; 
Oilman, 8. C., The Olympic Countiy, Nal. Geoo. Mag., vol. VII d 134 
1896. ' 
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These mountains have been severely glaciated, as seen in all the 
details of their forms. From the drques of this upper zone 
U-shaped valleys descend to the mountain foot. The gradients 
of the larger ones of these streams except near their heads are 
generally moderate, not too steep for railroad building.* 

Surrounding Lowlands.— The lowland 10 to 20 miles wide on 
the west side forms a continuous belt from Chehalis River on the 
south to the low mountain spur along the northern coast. The 
line which separates it from the mountains is very irregular 
though generally clear. Most of it is less than 400 ft. above the 
sea toward which it dopes, but within the strip are many higher 
hilly districts. About one^fourth of the area is embraced in 
broad valley bottoms along the larger streams.* The smaller 
streams have cut only narrow valleys or canyons. Some large 
interstream areas are almost uncut by streams except near the 
shore or near the valleys of the larger streams.^ Between the 
larger valleys this terrace is covered with Pleistocene deposits. 
It is believed to be a coastal plain uplifted, eroded, and in largo 
part stripped of its sediments since the glacial epoch. ^ Most 
of this terrace is at least as densely forested as the mountains. 

The same terrace extends around the mountains on the north. 
Here it is very narrow and interrupted by large rock hills and 
mountain spurs. The most important of these spurs extends in 
a direction parallel to the coast and close to it, all the way to 
Cape Flatteiy, the extreme northwest comer of the peninsula, 
the most westerly point of the United States proper. 

The lowland south of the mountains is a continuation of that 
on the west. It has been raised high enough to be sharply 
dissected. It differs little except in altitude from tho Oregon 
Coast Range to the south. ^ 

Shore Lines. — The western half of the north shore and all 
of the west shore except at the south end are being vigorously 
worn back by waves.* Steep sea cliffs, 50 to 300 ft. high, often 

* U. S. Geol. Survey, Pnff. Pop. 7, p. 21, map in pocket; note the eaim? 
feature in the Cascades. 

* Gilman, S. C., Icc. cU., p. 137. 

»LcptON, C. T., Oil and Gas in the Western Part of the Obmpic Pewi.- 
sula, Washington, U. S. Geol- Survey, BvU. 681, p. 36, 1215. 

* LuPTON, C. T., loc. cH.. p. 35. 

‘ See Hoquiam topographic sheet, north of Gray's Harbor. 

‘ Arnold, Ralph, GeologicaJ Reconnaissaoce of the Coast of the Olytnpic 
Peninsula, Washington, Geol. Soe. Amer. BuiL, vol. 17, pp. 461-468, 1206. 
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vertical or overhaDgiog, face the sea for most of this distance. 
At their foot is a rocky platform or cut terrace, in some places 
two miles wide, so near the level of the water that much of it is 
laid bare at low tide. This indicates that a strip of land of that 
width has already been coz^umed by the waves since the land 
has stood approximately at its present level. It may not have 
stood entirely still for it is a habit of waves to reduce such plat- 
forms below the level of low tide. It may well be that continued 



Tiq. lOl.^.Shoro of thft Strait of Juan do Fuoa at PilUr Point. OJympir 
ft^niniula. Washinston. The nfrh<' In itlu^h Ch^ man stands wai necessarily 
cut by the waves when the land sIimkI lower than at present. At that time (ho 
narrow rork i>latfortn was not above low (klo. The attack of the wnves is now 
received mainly by the front of this [datform rather thnn by the rock above it, 
(Photo \nf Hmiy £ond«s. /untfsW by R^ph AmoU.) 


rising has prevented this. Old shore lines above the present 
level indicate that there has been such rising from time to time.' 
Standing on this cut terrace are the remains of former hills or 
islanda^ in various stages of destniotion, some of them submerged 
at high tide, thus making the coast dangerous to vessels. 

Physiographic History.— It may be inferred from the structure 
and topography that the Olympic Mountains are carved from 
an upraised peneplain. The central group of higher mountains, 

*C/. the coast of California, pp. 453. 463, 471, 483 and 503. 

* CiLMAH, loc. cif., p. 136, gives a good description of Destruction l6lan<l, 
fonrorly inhabited by the Hoh Indians, now occupied by a lighthcusc. 
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aside from possible volcanoes^ may represent either monadnocks 
on the peneplain or a district of greater uplift and severer erosion. 
The fact that they stand in a nearly circular group instead of in a 
range would favor the former assumption. For aught that is 
known the dissected upland may be an outlying portion of the 
Cascade peneplain. In that case the peneplain, the uplifts which 
followed, the carving of valleys, and the glaciation may be 
correlated with the same features and events in the Cascades 
(page 438). The surrounding lowland is due primarily to less 
uplift and secondarily to degradation by normal erosion. To a 
smaller extent, and especially near the outer edge, it must have 
been further planed by marine erosion during the time that it 
was submerged. This coastal plain is apparently young in point 
of time* but since its last uplift vigorous streams fed by the 
heaviest rainfall in the United States have carried the erosion 
cycle to advanced youth. The last crustal movement recorded 
is an uplift which may be still continuing. 

Resources.— The chief natural resources of this peninsula 
consist of its forests which share with those of the western slope 
of the Cascades the reputation of being the densest and most 
valuable In the United States except the redwood forests of 
California. Lumbering is therefore the chief industry, but the 
available openings in the forest on the low belts have been taken 
up by farmers. The high grasslands above 4,000 ft. would afford 
excellent grasing for the summer months but are not habitable in 
winter. Their use for grazing must await the development of 
agriculture on the lowlands. This must be slow because the 
clearing of the land of its trees, underbrush, and accumulated 
water«soaked and half-decayed logs involves too much labor. ^ 

OEEOOff COAST RANGE 

Definition and Limits. — The section between the Olympic 
Mountains on the north and the Klamath Mountains on the 
south is called the Oregon Coast Range” because its larger and 
more typical portion lies in Oregon. It extends north into 
Washington, however, with little change of character to the 
Chehalis River. At the south end it is coextensive with the 
sedimentary rocks of Tertiary age. The Oregon Coast Range 

> LuPTOff, he. eit.,p.Z^ of it fts Pleistocene. 

* U. S. G^l Survey, Pro/. Pap. 7, p. 14. 
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U distinguished in this respect from the Klamath Mountains 
which arc made of older and stronger rocks and arc in general 
higher, The latter have also had a longer history which has 
given difTorent detail to the topography, but these contrasts are 
not marked along the boundary between the two sections. 

Where the Oregon Coast Range descends on the east to the 
Puget Trough its foot is generally well marked. South of lat. 44^ 
it borders on the Cascade Range. Here, between Kugcnc and 
Roseburg, an air-line distance of about 50 miles, is a north-south 



Fio. ie2.~EvcA emt of tho OrtRoo ComI Itanso Ofpn from Itosoburi;. 
Tho Akitudo of tho highest rMjro ie About 2.500 ft. It and (lie next Io«’cr ri<i 0 e 
aro of gently folded and pencplaned party Tertiary aondatono. Tho nparor 
hilJp are of mueh erodetl hauh in the valley of UnpQua tUvor, wboM level ia 
bolow 500 ft. (,(/. S. Onl. Hunrif.) 


belt 10 to 2Q miles wide lying west of the Cascades and iu line 
with the Willamette Valley, to which the proper name “Coast 
Range “ is not applied by local custom. !t is, however, a rough 
country with hills rising 500 to 1,000 ft. above the valleys, 
composed of the same rocks and with essentially the same 
physiographic history as the Coast Ranges. West of it rises Tyco 
Mountain with a bold slope to a height of 2,000 ft., or 1,000 ft. 
higher than the hills to the cast. The prominence of this moun- 
tain accounts for local custom in choc sing it as the mountain front 
but the country around Rosebuig compares favorably in altitude 
and relief with a large portion of the Oregon Coast Ranges and is 
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therefore included in the same physiographic section,* On the 
west the section includes a narrow and much interrupted strip 
of coastal plain. 

Rocks and Structure.* — All the rocks of this section are of 
Tertiary age and generally weak though not uniformly so. The 
details of topography are therefore determined in part by relative 
resistance. Thus Tyee Mountain west of Roseburg owes its 
height to the strength of the sandstone which constitutes it. 
There are also some volcanic rocks contemporaneous with or 
intruded into these sediments. These form the highest peaks, 
some of which rise conspicuously above the general upland, like 
Mary^s Peak (4,097 ft.), Saddle Mountain, Larch Mountain, and 
a few others.^ 

Structurally the range is a low anticlinorium. Crosa^ctiona 
at most places would show from two to five minor folds. Dips 
do not generally exceed 10 deg. but in exceptional cases rise to 
25 and even 35 deg.^ 

Peneplain and Monadnocks. — The general aspect of this range 
Is that of a dissected plateau or upraised peneplain. The hilltops, 
ridge crests, and in some cases tabular features which determine 
the nearly level horizon on the sedimentary' rocks, rarely rise 
above 1,700 ft. in northern Oregon.^ The general level rises 
toward the south and is 3,000 to 3,500 ft. at the limit of the 
section. The southward rise of the surface in the Klamath 
section is more rapid. Well-preserved patches of peneplain arc 
more abundant in the northern than in the southern part.^ East 

■The local custom h«rt mentioned a followed by J. 8. Diller in the 
Roseburg folio 49, U. 3. Geol. Survey, 1898. 

In this as in many other eaaoe the student who goes to original sources 
will hnd the proper name of a mountain range used with different limits, 
involving many ineonsisteneies unless the boundaries assumed in each 
OASO arc ascertained. In the division of a continent into natural provinces 
and sections it is frequently necessary to call an entire section by the name 
of some feature (range or otherwise) within it. Unless this fact is bom in 
mind there may be apparent inconsistencies between statements made in a 
treatise of this kind and those of the papers from which data arc taken. 

« Washbojwie. a W., U. S. Ccol- Survey, BuU. 590, p. 6, 19Uj Smith, 
Wabrbn Do Pbb, Physical and Economic Geography of Oregon, Common- 
U'ealth Rw,, Univ. Oregon, vol. 8, p. 257, 1926. 

* Smith, loe. at., Figs. 1 lo 4, pp- 272-273; Washburne, a W., he. eiL, p. 7. 

» Diller, J. S., A Geological Reconnaissance in N’orth western Oregon, 
U. S. Geol. Survey, 171A Ann. Rept pt I. p. 488, 1896. 

*/dem, pp. 487. 488. 



P Ad Fir tSOHDEH PROVtSCB 


451 


and west from the hij^her central sone the level of the crests 
declines. Twenty miles west of Portland it is only 525 ft. above 
the sea but well developed, cutting neatly across the most steeply 
tilted strata of the range. The peaks which rise above this 
general level are all monadnocks and all, so far as known, are of 
igneous rocks. 

Valleys. — The main streams of the region are transverse. Of 
these the Chehalis, Columbia, and Umpqua near the south end 
cross the entire section from east to west. The heads of throe 
other wesUfiowing streams, Nehalem, Yaquina and Siuslaw, are 
so near the eastern foot of the range that they are separated from 
the Willamette Basin by divides less than 400 ft. above the valley 
floor. These streams run in entrenched meanders, those of the 
Umpqua being particularly striking. The tributaries arc, at least 
locally, adjusted to the slructure, hence in longitudinal valley's.' 

Almost everywhere the cross-sections of the larger valleys shcjw 
a narrow valley within a broad one which Itself indents a pene- 
plain.* The broad floors and long gentle slopes of the old, broad, 
upper valleys are themselves dissected by young valleys which 
also invade the remnants of upland between the broad valleys so 
that not much level land remains either at the summits or at the 
level of the older valley floors. Where the rocks are soft, as in 
the district east of Tyee Mountain, erosion in the later cycles has 
been so great that the upland and the older valleys have both been 
destroyed. The young, narrow, lower valleys are mere gorges or 
canyons where the rock Is strong but widen and contain consider- 
able flats where the rock is weak. 

Coastal Plain. — Throughout much of their length the moun- 
tains are bordered by a narrow coastal plain generally not more 
than one to two miles wide but increasing to 20 miles north of the 
Columbia River. This is evidence of recent rising of the land, 
but a still more recent subsidence has drowned the streams not 
only across this coastal plain but far inland. Thus the Chehalis 
ia drowned for 30 miles, the Columbia 140 miles, the Umpqua 25 
miles, the CoquiUe 30 miles.* 

The features of a low coast composed of weak rocks and exposed 
to prevailing winds from the ocean are here well exempli fled . 

I DiLLBft, J. 8., Roaeburg folio 49, p. 4, U. 8. Ceot. 8urv«y. 

*Dilleb, J. 8., Mineral Reaourcea of Southweatem Oivgon, U. S. Ceol. 
Survey, BvU. 546, p. 13, 1914; also U. S. Geol. Survey, Bull. 614, p. 40, 1916. 

• All these diatanccs are meaaurrd along the rivers, not in an air line. 
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TLere arc long stretches of sandy beach, several of them noted as 
resorts, and at intervals are belts of dunes. Bays or estuaries 
made by the partial drowning of streams are partly cut off from 
the sea by sand bars, or wholly cut off and thus converted into 
fresh- water lakes. ‘ Here and there the low coast is interrupted 
by a bold headland composed of igneous rock. 

Marine Terraces. — The coastal plain ranges in altitude from 
200 or even 250 ft. down to sea-level. For a short distance south 
of lat. 44® where the rocks are less weak it is generally bounded on 
the seaward side by a cliff several hundred feet high. At places 
this descent of several hundred feet is marked by two or more 
^Traces, showing that the emergence was gradual and Interrupted. 
At some points these terraces are several hundred yards wide. 



Fto. Proftlc of wove-ful torrocco 12 miles north of Port Orford. Or<>|^)^. 
’^'his locolity is neor th« southern limit of the Orecon Cosst Rtneo. The tutui 
length of the mtton U Mveo miles. {DHlrt. V S. G«el. Surrey.) 


Terraces of similar width mark the ascent from the coastal plain 
to the mountains up to an altitude of 1,500 ft.‘ The upper 
members have been much eroded during the making of the lower 
ones. These facts indicate that the coastal plain is not a peculiar 
feature but only one of a series of terraces although much the 
widest and most important. Probably all these terraces were 
covered with gravel or other sediments of the marginal sea. The 
gravel is preserved on the coastal plain but it has been in large 
part eroded from the older and higher terraces. 

Physiographic History. — The low mountain range of this 
section is of relatively recent birth. To say the least it is entirely 
post-Eocene.* Presumably it has never been very high, The 

> SwiTH, Warasm Do Prb, toe. di., p. 27% din th«M Sud9 as evidence that 
the cofist of Oregon is sgsin mbg. The reason for this interpretstion is 
not clcsr. 

‘Coos Bay folio 78, p. 1, U. S. Ccol. Survey; see also Port Orford 
folio 69. 

* Dillek, J. 8., The Relief of Our Pacific Coist, Science, vol. XLI. nn 
48-57, 1915. 
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gentle form of iU folds does not require the assumption that a 
great thickness of rock has been eroded to produce the peneplain 
visible at its summit. The geologic age of this peneplain is not 
older than Pliocene, for it truncates Miocene strata and was 
therefore not finished until after their formation and deforma- 
tion.^ The peneplain, being developed on non-resistant rocks 
of very moderate elevation, was not necessarily long in the making 
and was brought to a fair degree of completion. Only the igneous 
intrusives were left as monadnocks. 

By the time the peneplain was completed, if not before the 
first uplift, the streams were flowing over it from east to west in 
their present courses. The Columbia and the Umpqua are 
antecedent. The uplift of the peneplain occasioned the cutting 
of the old, wide, now high-lying and deeply trenched valleys. It 
was in these old, broad valleys that the streams developed their 
Intricate meanders. Renewed uplifts made possible the entrench- 
ment of these meanders and the almost complete dissection of the 
peneplain. With respect to entrenched meanders there are few 
more impressive streams than the Umpqua. 

In the last great uplift the land was lifted much above its 
present height and included a strip on the west which is now 
beneath the sea.’ At this time it Is believed that the Columbia, 
Coquille, Coos, and some other streams cut the trenches across the 
continental shelf which now extend from the mouths of these 
streams out to the deep ocean basin. Then came the gradual but 
continued subsidence which drowned the land to the depth of the 

1 In approaching this section from the north there is a natural tendency 
toward correlating this peneplain with that of the Cascades, called Pliocene 
by its sponsors. No decided break ia found in the continuity of the Cascade 
peneplain unless it be in crossing (he Puget Trough. Its continuity across 
this valley on the summiU of the basalt hills is provisionally accepted by 
Diller, U. S. Geol. Survey, BuU. ei4, p. 30. But the crests of the Oregon 
Coast Range are even more directly continuous with those of the Klamath 
at the south which Diller regards as Miocene, BvU. 196. This assignment 
is not accepted by Lawson (Univ. Calif. BuIL, Dept. Geot Sci., vol. 1, p. 271, 
1894} and some others who would make the KUmath peneplain Pliocene. 
In such a study as this, geologic age is significant ruerely as an aid in correlat- 
ing topographic features, imially peneplains. Exact correlaUon is not 
yet possible in this case. 

* Details of these several uplifts have been elaborated for tire Klamatli 
Mountains by J. S. Diller, D- S. GeoL Survey. Bull 196, whose atatements 
imply that the history of adjacent portions of the Oregon and California 
Coast Ranges was the same. 
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highest shore line, now seen in fragmentary form 1,500 ft. above 
the sea in southern Oregon and California. The series of fossil 
shore lines which now score or terrace the mountain slope, becom- 
ing increasingly clear and well preserved as the sea is approached, 
were made during the recovery of the land from the last great 
subsidence. By far the most important of these north of Cape 
Blanco is the Coastal Plain. It indicates the longest stillsUnd 
of the land during its intermittent rise and probably indicates 
also that the edge of the sea waa at that time against a low slope 
so that the making of a broad sulwiqueous shelf was relatively 
rapid- 

Northward from southern Oregon these old shore terraces 
gradually disappear, The order and approximate geologic dates 
of crustal movements of the Puget Sound region have been fairly 
well worked out (page 450). The same is true of the C'alifornia 
Coast (page 488) but the correlation of some of these recent 
movements is uncertain. 

This lost rise, mentioned above, again carried the continent 
slightly above its present level from Cape Mendocino to the 
Chehalis River. Subsequent sinking has again drowned the 
main valleys. It is the effect of this last submergence which is 
now seen in the tidal portions of the rivers. For some distance 
south of the 40th parallel this last submergence is not observed. 
North of that latitude the extent of submergence increases with 
distan cc at least as far nort h as the Colu mbia River. The correla- 
tion of crustal movements in this latitude with those around 
Puget Sound is somewhat uncertain. There is reason to believe 
that the coast of the Olympic peninsula is again rising (page 457). 


KLAMATH MOUNTAINS 

Distinouishino Characteristics and Boundaries 

The Klamath Mountains lie west of the Cascade Range 
between the Coast Range of Oregon and those of California. 
The differences between this section and its neighbore depend on 
its greater geologic age and more complex history. Most of its 
rocks are Paleosoic and more or less metamorphosed, hence 
resistant. With these are included many masses of ancient 
vol^nic rock. There are also some Mesosoic rocks, most of 
which are fairly strong. 
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As compared with the Oregon Coast Range the Klamath 
Mountains are higher and Include important residual subranges 
of an earlier physiographic cycle. There is, however, no sharp 
contrast along the boundary between the two. The contrast 
with the Cascade Mountains is partly in the degree of dissection 
(the Cascades being less dissected) and partly in the forms of the 
valleys. These are more complex in the Klamath. The bound- 
ary between these sections is, throughout most of its length, 
detined in terms of their rocks and is only locally marked by a 
valley. 

The Klamath section is distinguished from the California 
Coast Ranges by the character of the drainage systems. The 
main streams of the former are transverse and their very devious 
courses give little suggestion of order and pay small heed to 
geologic structure. The main streams of the California Coast 
Ilanges are longitudinal and the drainage pattern as a whole is 
crudely trellisod. However, a boundary line based on drainage 
types would not quite agree with one based on the character of 
rocks and structure. On the southwest side the plan of longi- 
tudinal drainage begins with the South fork of the Trinity River. 
Judged by drainage patterns this stream should be the boundary 
but on its southwest side and parallel to it is the South Fork 
Range with the characteristic rocks, structure, and history of the 
Klamath Mountains. As these latter elements roust be refe^d 
to oftener in descriptions and appealed to oftener in explanations 
than drainage, they are regarded as more fundamental and the 
South Fork Range is included in the Klamath section.^ The 
altitude of the Klamath Mountains on their southern border is 
distinctly greater than that of the adjacent Coast Ranges of 
California. . 

Another exception to the general sUtement concerning draina^ 

is found on the west side of the upper Sacramento Valley. At this 
place (north of the 40th parallel) is a relaUvely low pla^su, 
sloping and draining eastward from the foot of the Yallo Bally 
subrange, which is the long southern extension of the Klamath. 
Judged both by rocks and by physiographic history, to be oon- 


‘This is the practice of IXUer, see SeiCT««,vol. XLI, p. o2, 1916, and other 
papers here cited. Lawson treats the Sooth Fork ilonntarna as otc of 
thfcoast Banges.-Report of California Earthquake Commission, vnl. 1, 


1908. 
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sidered later, this sloping plateau is a part of the Coast Range 
section.^ 

In its southern half the Klamath section is separated from the 
Pacific Ocean by the Coast Ranges. It reaches the coast between 
the parallels of 41® and 43®. Several short stretches of narrow 
coastal plain are thus included. 

Topography 

Sunimit Peneplain. — Like so many other mountains which 
appear extremely nigged from the valleys, the Klamath Moun- 
tains when viewed from one of their summits appear to be a 
dissected plateau. In general the altitude of the nearly level 
horizon rises from north to south and from the coast inland, but 
the surface is warped. Generally the altitude near the coast is 
2,000 to 2,600 ft. Near the Orcgon^California boundary it is 
1,700 ft. high near the coast but rises to 4,000 ft. at 25 miles 
inland. Another 25 miles northeastward brings the level to 
4,400 ft. On South Fork Mountain, east of Cape Mendocino, the 
level crest is at 6,000 ft., and in the Yallo Bally Mountains there 
are traces of it at 7,000 ft. In the middle of the California 
portion (Salmon Mountains) the horizon is at least 6,000 ft 
above the sea.* 

Moat of these level horizons arc due to the nearly equal height 
of narrow ridges but broad gently rolling areas, while not common, 
are not wholly wanting In southwestern Oregon. Occasional 
views there suggest the Appalachian Piedmont.* This upland 

i DtLLza, J. S., Tertiary Revolulioa id the Topography of the Pacific 
Coast, V. & Geol. Survey, \Hh Ann. Rtpi., pt. II, p. 404. pi, Xl^ 1S02. 
Tea years later (Topographic Development of the KJainalh Mountains, 
U. S. Gcol. Survey, BuU> IM, p. 0, pi. I, 1903) Dillcr'a boundaries of the 
Klamath Mountains were made more detailed. The boundaries licre 
adopted are esse&tially thoee of Diller’s later work. 

* Most of these altitudes are taken from Diller, U. S. Cool. Survey, Bull. 
196. 0. H. Henhey Univ. Calif. BuU., Dept. C^l. Sei., vol. lit, pp, 433- 
475, 1904, gives altitudes in the central portion about 1,000 ft. higher. It 
U possible that the figures of both men are eorrect, measurements having 
been taken on the same old surface at different places. Due to later dofor- 
mation the elevation might differ by 1,000 ft. in 10 to 20 miles, It is also 
true that men may differ as to what is the “geDcral level ” of an old peneplsm 
sunnounUd by monadaocks and deeply dissected. 

* 6ee Diller, J. 8., Mineral Resources of Southwestern Oregon, U. S. 
Geol. Survey, BttU. 54S, p. 14 , pi. HI B, 1914. 
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surface, preserved or hypothetically restored, is known aa the 
Klamath peneplain* {see physiographic history, page 470). 

Monadnock Ridges.— The parts of the Klamath mountains 
which have received individual names are residual ridges or 
groups located on the divides between the principal streams. A 
description of the main streams is necessary to the understanding 
of these subranges. The Rogue River crosses the section from 
east to west in latitude about 42^0'. North of it near the 43d 
parallel is the Coquille River. The so-called Rogue River Range 
is merely the east- west divide between these. Low monadnocks 
here surmount the upland. The Klamath River flows west a 
little south of the 42d parallel (Oregon-California boundary) 
before making a great southerly detour. The generally east-west 
divide between the Klamath and Rogue Basins is marked by the 
Siskiyou Mountains, a rugged monadnock ridge rising in Siskiyou 
Peak to 7,662 ft., or 3,500 ft. above the peneplain which abuts 
ugainst its northern base. The Klamath has three large tributa- 
ries from the southeast, each one of which gives its name to a 
group or line of monadnocks crowning the divide at its head. 
These are the Scott Mountains (Mt Eddy, 9,151 ft.), Salmon 
Mountains (Thompson Peak, 9,345 /t.)» and Trinity Mountains. 
The Bullychoop group (7,073 ft.) marks the divide between the 
Trinity and Sacramento Rivers, as the Yallo Bally (8,604 ft,) 
crowns the long southern extension between the Sacramento and 
the streams of the California Coast Ranges. 

In most of these cases it is clear that the peneplain abuts 
against the mountains which rise 1,000 to 5,000 ft. above it. In 
several of these localities and some others, the local relief is 
complicated by deformation, perhaps faulting of the peneplain, 
so that it remains undetermined whether a higher mass is a 

* In describing former, now uplifted ind dissected, peneplains thw is 
constant danger that the reconstruction of the peneplain before the mind’s 
eye may be too perfect. When the reader visits the field later he may be 
disappointed and skeptical. At preaent some geologiste are not qui^ 
convinced of the reality of the Klamath peneplain. Perhaps the ^rd 
“peneplain " should never have been used, The need of another word to 
dosignatc an old or subdued surface of moderate relief is pointed out in the 
footnote on p. 187. « • ♦ 

In the meantime It should be remembered that with mounUins of sumcie^ 
age the peneplain is the noriDal and expectable thing. In the absence 
known diastrophic events the burden of proof should be assumed by any 
hypothesis requiring that mountains should survive abnormally long. 
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monadnock or the result of deformat ion of the peneplain . Srn allor 
monadnocks, from 100 to 600 ft. in height, are not uncommon on 
the upland elsewhere. In places the tops of these may represent 
an older peneplain (see physiographic history, page 470). 

Valleys. — The valley forma described on page 461 for the 
Oregon Coast Range arc typical of the Klamath Mountains. 
The streams run in narrow valleys which are mere canyons 1,000 
to 2,000 ft. deep where the rocks arc strongest but have narrow 
bottom lands where the rocks are weak.* From the l)rinks of 
these canyons the general level rises gradually to the full height 
of the upland, which is generally 1,000 ft. higher near Ihc coiist 
and several thousand feet higher in the interior. These gradual 
slopes are seen only by sighting over the hilltops and disregarding 
lateral valleys, for the whole surface is deeply carved by steep 
tributary valleys or canyons. The general relations of narrow, 
lower, young valleys and broad, upper, old valleys can be soon only 
from favorable points. From points of limited view, especially 
from the valley bottoms, the forms, while generally Impressive, 
are not orderly, Neither the old nor the young valleys arc simple 
in slope. Either may be Interrupted by terraces, showing signs 
of discontinuous uplift and several partial erosion cycles (see 
physiographic history, page 470). 

Marine Terraces. — In common with Uie Coast Ranges to the 
north and south the Klamath section has a clearly terraced 
coastal slope* (c/. Fig. 164). Eroded remains of sea cliffs and 
wave-cut terraces are found as high as 1,500 ft. above the sen. 
The narrow coastal plain found at places farther north Is hero 
represented by several small stretches. The Rogue River is 
drowned to about four miles inland. 

PKYSiocnApRic History 

Mountains of the Older Generation.— The older history of the 
Klamath Mountains is essentially the same as that of the Sierra 
Nevada (page 413). This history concerns us merely because the 
present structural features are the results of it. There is here a 
great moss of ancient, closely folded and faulted rocks, generally 
metamorphosed and intruded by igneous rocks. The deforma- 

• 0. H. Herahey gives a good description of the Orloons Basin, a local 

broadening of the S,600-ft. gorge of the Klnirmth River. I’niv. Calif Bull 
Dept. Gcol. Sei., vol. Ill, p. 420, 1004. * 

• DiLLsn, J. 8., Port Orford folio 89, U. a Geol. 8urve>', >nd other pope« 
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tion is apparently due to repeated pushing from the east. As if 
this push were mainly near the center, the folds are curved or 
crescent-like, striking northeast at the north and southeast at the 
south. Continued in one direction they would join the Sierra 
Nevada, in the other the Blue Mountains of Oregon (page 229), 
which had a similar anoieot history. From both of these moun- 
tain ranges the Klamath Mountains are now separated by later 
deep depressions filled with lava. It appears that long before the 
making of the Klamath peneplain the original Klamath Moun- 
tains occupied n peninsula projecting westward. Continued 
pushing toward the west has made thrust faults along which the 
ancient metamorphic rocks of the Klamath section have been 
pushed out over the younger and softer rocks of the Coast Ranges 
both in Oregon and California. 

Unlike the Oregon Coast Range, the older mountains of this 
section were not only composed of strong rocks but were high, as 
indicated by the structure. The work of reducing them to base 
level must have occupied a long cycle. Geologic history indicates 
that this was in progress long before the Oregon Coast Range rose 
above the sea. 

Development of the Peneplain. — During the development of 
the Klamath peneplain (the oldest and highest represented) the 
main streams ran in transverse courses similar to those which they 
still follow. This is indicated not only by their old wide valleys 
(partially preserved) but by the distribution of monadnock 
ridges. These mark the main divides. Elsewhere even the 
stronger rocks were cut down close to sea-level. 

Ad interruption of the Klamath cycle may have been occasioned 
by an uplift near the coast which added new land. But the land 
thus added was mainly of softer rock in the California Coast 
Ranges, and appears also to have been reduced to a peneplain by 
the time the Klamath peneplain was completed. This peneplain, 
therefore, known as the Bellspring, generally occupies different 
territory from that of the Klamath. Except in detailed and 
critical studies the two may be regarded as one, and represented 
by the general upland level (Fig. 164). 

Valley Erosion. — FoUowii^ the Klamath-Bellspring cycle came 
the several uplifts which occasioned the cutting of the older broad 
valle}^, At places these older valk 3 r 8 show by their terraced 
form that they were not cut out in a single cycle following a single 
uplift but in at least two partial cycles. But this can be detected 
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only here and there; hence, in a general way, the long time of 
peneplaning may be said to have been followed by a shorter time 
of broad- valley making. Ijocally the floors of these broad valleys 
are themselves widespread peneplains but this is mainly in the 
Coast Range section. Still later a great uplift caused the narrow 
inner valleys to bo cut, added the narrow continental shelf to the 
land area, and made it possible for streams to cut valleys across it. 

Glaciation.— At some time following the cutting of the narrow 
valleys, and probably late in the glacbl period, the higher moun- 
tains supported alpine glaciers' in valleys which were relatively 
shady. Lakelets, meadows, and oversteepened rock walls arc 
locally abundant but glacial erosion nowhere dominates the 
topography as it docs in the High Sierra. 

Events Affecting the Shore.’ — The old shore lines cut during 
these several stands have long since been destroyed. The pres- 
ence of surviving terraces calls for a more recent submergence and 
emergence. Such submergence, attested also by deposits in 
the valleys, occurred after the time of greatest uplift when tho 
present continental shelf was land and scored by valleys. 1'he 
depression was at least 1,500 ft. below the present level, for an 
old shore line is still preserved at places 1,500 ft. above the sea. 
With gradual emergence new shore lines were cut. One very 
prominent one, with a cut terrace locally a mile wide, is 1,000 ft. 
high. Another is 500 ft. above the sea. The fragments of the 
existing coastal plain represent another. There arc many others 
less clear. 

Like the great uplift which preceded it this last one raised the 
land above its present level, at leost north of Cape Mendocino. 
North of that tho stream valleys are again partly drowned, 
admitting tidewater up at least four miles from the sea throughout 
the Klamath Coast* and much farther in the Oregon Coast Range 
(page 461). 

' Herahey, Oacar H., Ancient AljnM OUcienof the Sierra Costa Moun* 
loins in California, Jour. Gtol., vol. VIII, pp. 42^7, 1000. 

* Noto similar history of the shore line farther south fp. 4S3). 

’This brief historical summary is practically that of Diller os given ii: 
V. S. Gcol. Survey, Bull. 190. The order of events is generally accepted Uy 
geologists who have studied the Pacific Coast. Some of these do not 
however place the events so far back in point of time os Diller does. The 
latter assigns both the peneplains and the broad valleys (local peneplains) 
to Miocene time and begins the Pliocene with (he groat uplift which started 
the cutting >if the narrow valleys. From studies in the Coast Itangcs sud 
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VALLEY OF CALIFORKU 
General Relations 

The Slerra-Cascadc province on the east and the California 
Coast Ranges on the west enclose one of the most notable valleys 
of the world. It is more than 400 miles long, with an average 
width of about 60 miles and an area of 20,000 square miles. 
Throughout more than nine- tenths of its boundary, the mountains 
or their foothills rise abruptly, their boundaries being but little 
complicated by spurs and outlying hills. 

The altitude of this widespread valley floor is for the most part 
less than 400 ft. and its general slope is toward San Francisco 
Bay from the north, south, and east. Only at the edges does it 
locally rise to higher altitudes. The extreme is reached at the 
south end where the steep alluvial slopes of the valley rest 
against the mountains at a height of 1,700 ft. Most of the 
eastern boundary is not more than 600 ft. above the sea and most 
of the western boundary ranges in height from 50 to 300 ft. 
Considerable areas near San Francisco Bay are below sea-level, 
being protected from overflow by dikes and natural levees. 

Topography 

The larger part of the valley would be described by the casual 
observer as a dead fiat. Its general slope is too slight to be 
observed. As seen on a contour map the general smoothness js 
emphasised rather than obscured by the faint beginnings of 
consequent drainage. The parallelism of these rudimentary 
channels is often so striking as to suggest the trickling of water 
down an inclined board or pane of glass. ^ 

As the mountains are approached on any side, the alluvial 
slopes become progressively steeper. Gradients of 100 to 150 ft, 
per mile are occasionally reached. A much smaller part of the 
ma^n next to the mountains consists of slightly higher and older 
plains moderately to maturely dissected, the local relief being at 
some places as great as 160 or even 200 ft. Such a strip stretches 
for 100 miles south from Sacramento. Streams fro m the moun- 

the Sierra Nevada (p. 413) I^wson would make the Pliocene the great 
base-leveling period aod would place the great uplift which preceded canyon 
cutting at the beginning of the Quaternary. 

> Well ahown in many of the large scale (2 in. *1 mile) topographic sheets 
of the U. S. Guol. Survey. 
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tains cross this strip in broad, terraced, flat-bottomed valleys. 
Such topography is in part due to erosion of the alluviated surface 
but in part to the erosion of older formations (Tertiary) not 
covered by the alluvial sheet except in the broad valleys. 

An element of great significance in the topography is found in 
the natural levees of the luiger streams. In the southern half 
of the Sacramento Valley these have so aggraded their beds that 
in some places the level declines 10 ft. in the first mile from the 
stream. Between the levee slopes of neighboring streams are 
“basins” some of which are inundated or swampy. Thus tho 
American Busin and others mentioned below are Iwundcd by tho 
main streams instead of traversed by them. Smaller depressions 
of similar or other origin contain temporary lakes in the wet season. 

An exceptional feature near the middle of the Sacramento 
Valley is the Marysville Buttes. These “buttes” are the remains 
of a nearly circular volcano about 10 miles in diameter. Their 
summits still rise 2,000 ft. above the flat valley floor. The lower 
fonnations of the elsewhere horizontal sediments of the valley 
are upturned against the volcanic core as though it bad been 
pushed up through as a single stiff 

Drainage Basins 

The Great Valley comprises three hydrographic basins of 
almost equal extent. These arc tho drainage basins of the 
Sacramento and Ban Joaquin Rivers and the basin of internal 
drainage south of the San Joaquin. This Is the Tulare Basin, 
Bo-ealled from the largest of Us playa lakes. 

Sacramento Basin. — Near Redding, 200 miles nortli of San 
Francisco Bay, the Sacramento River passes from the Klamath 
Mountains into the Great Valley at an altitude of 500 ft. Here 
the stream meanders in a broad valley (one to four miles wide) 
100 ft. below the general level. Fifteen miles south of lUdding 
the river encounters a broad belt (10 to 12 miles) of dissected 
upland due to a low anticline which crosses the valley, thus 
isolating the small lowland at the north from the vast lowland 
south of Red Bluff. South of this anticline in lat. 40^, while 
still more than 150 miles in a direct line from its mouth, the 
stream has ceased to have bluffs, and meanders broadly over a 
plain which is but 250 ft. above the sea. Not much farther down, 

' LiwaoseN, W tnd TvR^fsa, H. W., Marysvilb folio 17, U. S. Cool. 
Survey, 1K05. 
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the stream runs between natural levees bordered by “tule lands 
and attended by a plexus of sloughs (c/. Fig. 160, page 449), 
Opposite the Marj'sville Buttes, where but half its valley course 
has been run, the immediate banks, though 10 ft. higher than the 
adjacent country, are but 60 ft. above the sea. Similar features 
continue to San Francisco Bay.* 

The western tributaries of the Sacramento coming from the 
low Coast lianges are relatively weak. Most of those that do 
not give out on the arid plain lose themselves in the low belt of 
sloughs and tulc lands which border the river. The chief eastern 
tributary is the Feather River which parallels the main stream 
for 60 miles before joining it 10 miles north of Sacramento. The 
Feather is a tributary of the ^‘Yaaoo type,*' finding its course 
where the eastward slope of the flood plain from the main stream 
meets the westward slope from the mountains. 

In its intricate meanders, sloughs, and natural levees, the 
Feather River is like the Sacramento. The aggrading of these 
two streams has left between them the extensive and partly 
swampy Sutter Basin south of Marysville Buttes and Butte 
Busin farther north. The similar American Basin north of 
Sacramento is enclosed on the west by the levees of the Sacra- 
mento, on the south by those of the American River, and on the 
remaining sides by the regional slope of the valley floor. Below 
Sacramento and west of the river is the widespread Yolo Basin 
limited on the west by the alluvial slope from the Coast Ranges. 
As San Francisco Bay is approached the landscape assumes the 
character of a composite delta built by streams from the north, 
south, and east- The natural levees are dry land, the intervening 
basins being below sea-level and marshy except where protected 
by dikes. 

The surface of the Sacramento Valley and adjacent to it has 
been classified as follows (Fig. 165):* (1) Foothills {not a part of 

^ The tuU ia » Urge bulrush that grows in overflowed Unds. 

* The gradient of the Sacramento would be no more than eight inches to 
the mile if the stream were straight, and is much lees whim meanders are 
taken into account. For a stream no larger than the Sacramento this is 
obviously too small to enable the water to transport all its burden without 
depositing. 

* Bryaii, K., Geology aod Ground- water Resources of the Sacramento 
Valley, California, XJ. S. Geol. Survey, Wai. Sup, Pap., 495, 1923, Thjs 
paper gives an excellent geographic and phj-sk^raphic description of the 
Sacramento Valley. See also Stearns, H- T-, Robiksok, T. W., and Taylor, 
G. H-, Geology and Water Resources of the Mokelumne Area, California, 
TT. S. Geol. Survey, Wat. Sup Pap. 619, pp. 18-23, 1930. 
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the valley), (2) red lands, (3) low plains, (4) river lands, (5) flood 
basins, and (6) the island country. The older Tertiary (including 
much of volcanic origin) and all rocks of greater age are in the 
foothills. The “red lands** are on the older alluvial slopes 
aggraded in a former cycle but now subject to erosion. The term 
“low plains" in its restricted sense designates the alluvial fans 
and slopes of (he current cycle. The “river lands" are primarily 
the natural levees, which, by comparison with the lowland farther 
from the main streams, are relatively high and available for 
agriculture because better drained. The “flood basins*’ are the 
lowest parts of the flood plains, covered from time to time by 
standing water and accordingly underlain by very fine sediment, 
generally blue clay. The “island country" consisU of the com- 
bined deltas of the streams that enter the Bay of San Francisco. 

San Joaquin Basin. — The San Joaquin River is similar to the 
Sacramento except for the greater aridity of its basin. On this 
account the stream U much overloaded. It winds and braids 
excessively and is attended almost everywhere by a broad belt 
of swamp. Below the mouth of the Stanislaus River, 20 miles 
south of Stockton, the distributaries of the San Joaquin separate 
widely and the low plain may be classed as delta. 

Each stream descending from the mountains on either side 
builds its own alluvial fan. For a few miles near the mountains 
these fans are distinct, but at no great distance all merge into a 
common alluvial slope. The position of the San Joaquin River 
is determined by the meeting of these slopes from opposite sides 
of the valley. Since the streams from the Sierra are much 
stronger and bring down more detritus their combined deposits 
have crowded the axial stream far toward the opposite side of the 
valley, locally to within five or six miles of the Coast Ranges. No 
perennial tributaries enter the San Joaquin from that side. 

Tulare Basin.— Any alluvial fan of unusual sise would not only 
crowd the main stream farther toward the opposite mountains 
but would in a measure dam the axial valley, causing swamps or 
even lakes on its upstream (south) side. In this way the great 
alluvial fan of the Kings River south of Fresno has occasioned the 
formation of Tulare Lake. 

The south end of the Great Valley is relatively arid, but into 
this same part come the vigorous streams from the highest part 
of the Sierra, from the Kem River on the south to the Kin^ 
River on the north. The partial desiccation of these streams w 
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an important factor in making the alluvial fans which successfully 
obstruct the feeble flow in the axis of the main valley. The first 
of these obstructing fans to be met in ascending the San Joaquin 
N'alley is that of the Kings River which forms the northern rim 
of the basin of Tulare Lake. All that part of the Great Valley 
which lies south of this obstruction is called Tulare Basin, the 
drainage from which rarely if ever overflows to the sea. This 
basin is not a unit, for, farther south, the Kem River similarly 
obstructs the valley and forms the basins of Buena Vista and Kern 
Lakes. 

All these lakes are of the play a type, i.e., their waters (when 
present) cover the broad flat silt floors of basins of internal drain- 
age (page 341) . A small area in Lake Tulare may be permanently 
covered with water but it is very shallow and the area of the lake 
varies greatly from season to season and from year to year. 
Extensive tule swamps border the lake on the north, east, and 
south. It is not definitely known that the waters of Tulare Lake 
ever actually overflow. On the margin of the alluvial fan to the 
north, the numerous distributaries of the Kings River pass into a 
plexus of sloughs which may yield water both to the lake on the 
south and to the stream on the north. Thus there may be at 
times a water connection, but of actual overflow from lake to 
river, there is no proof.* 

Materials op the Valley Floor 

The floor of the Great Valley is for the most part covered with 
alluvium which may be clay, sand, or gravel. As the mountains 
are approached the material becomes prc^;res8ively coarser. 
Boulders are strewn over some of the alluvial fans several miles 
from the mountains. The depth of the unconsolidated sediment 
varies from sero at the mountain foot to more than 2,000 ft. 
Wells 1,000 ft. deep at Sacramento, 2,000 ft. deep at Stockton, 
and again more than 1,000 ft. near Tulare Lake, fail to reach the 
solid rock beneath.* Just how much of this loose material is 
Quaternary alluvium is not known. The underlying Tertiary 
comes to the surface locally at the edges and also around the 
Marysville Buttes. 

» Ransome, P. L., The Great Valley of California, Univ. Calif. BvU., 
Dept. Geol. Sci., vol. I, pp. 373 and 381, 1896. 

> Ransowb. F. L, loc. eit., p. 381. 
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Physiographic History 

The origin of the Great Valley is linked with that of the moun* 
tains that enclose it. For a long time the valley has been subject 
to sinking while the crustal movement on either side has been 
dominantly upward. Since the Coast Ranges were first made, 
no large division of geologic time has passed without deposition 
of sediments in a part or all of the Groat Valley. Throughout 
this time the mountain belt on the east has been land subject to 



Fic. 107.— front of (ho Swrtft nortltcMt of HakcnReM. 

The notch mede by (ho canyon of U»e Kern lUver hna t1t« form commonly 
auumed to lodicato recant or continued faultlnK. Despite thU reeombinnee, 
there are here no deciaive indicatione of a freeh fault ecarp. Ae the mountalne 
eonaiat of herd rocke and the lowland le on eoft rocke, Hlaekwcldcr interpreta 
thia ae i faulUlinc ecarp. The rapid lowering of the eurfaec on tlte aofi rocks 
by erosion is considered to have had ths aaoMi toi>o<raphie effect on valleys In 
the mountains as continued faultinc ehmild have. 6y Blaekuffider,} 

intcrmittcDt rise. Meantime the barrier on the west, while inter- 
mittently growing, has not always been complete. For much of 
the time it consisted of smaller masses separated by passages by 
which the sea reached the Great Valley. Many of the separate 
masses rose and sunk by turns but the dominant movement was 
upward and the barrier has been complete at least since the 
Quaternary period began. 

The great structural trough beneath the valley has progres- 
sively deepened, though of course not uniformly and probably 
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not even continuously. The contours of its rim did not remain 
unchanged. Sometimes a part of the margin was depressed and 
sediments accumulated where there had been none before; some- 
times certain segments stood relatively high, and the sediments 
were eroded as some Tertiaiy rocks are now being eroded along 
the borders.' 

Until recent years this valJey has been thought of as due to 
downward bending rather than breaking. It is now known that 
the western and southern boundaries, at least, are determined by 
faulting.^ The Sierra Nevada block of the earth’s crust declines 
westward and passes under the Great Valley, generally (though 
not everywhere) without faulting and perhaps without change of 
dip. Around the north end of the valley a peneplain, which 
seems elsewhere to form the mountain summits, descends to the 
valley and dips beneath the detrital filling.’ The downthrow 
against the Coast Ranges is not in one great fault but in a fault 
sone wherein are many faults, some parallel, some en echelon. 
The valley is indeed a great complex fault trough.^ 

Some of the faults are of long standing (Fig. 167), movement 
along them having been renewed at intervals, perhaps for several 
million years. Relatively late in geologic time, at a time some- 
what arbitrarily designated as the beginning of the Quaternary, 
the mountain belts on both sides received distinct uplifts and 
probably the valley was much depressed. Much of the uncon- 
solidated filling of the basin has accumulated since that time. As 
this now extends far below sea-level and as there is no evidence 
that sea water entered the valley and not even evidence of a wide- 
spread lake’ it must be assumed that the sinking has been gradual 
and that in the main it was filled with alluvium about as fast as 


^ Redding folio 138, U. S. Oeol. Survey, 1906; DlLl£l^ J. S., Guidebook of 
the Western United States, Shasta Route, U. 8. Geol. ^rvev, Bull, 614, p. 
69, 1916. 

* Clakx, Brucb L, Tectonics of the Valk Grande of CalifomU, BiJl. 
Amer. Assoc. Petrol. Geol., vol. 13, pp. 199-238, 1929. Studies leading to 
the newer ideas of structure have been stimulated, first, by studies of 
earthquakes and, second, by the search for petroleum. 

^ DJI.LBR, J. S., Tertiary Revolution in the Topography of the Pacific 
Coast, U. S. Geol. Survey, 14tA Ann. lUpl., pi. II, pp. 405, 410, and 421, 
1S92; Redding folio 138, p. 6, U. S. GeoL Survey, 1906; RwsoatB, F. L., 
loe. nt., p. 376. 

* Clark, B., foe. ctf., p. 202. 

* Ransoms, F. L., Im. al., p. 389. 



PACIFIC BORDER PROVWCE 


481 


it s&nk.^ Local lakes like those now found in the valley, being 
retained by alluvial fans, are incidental to alluvial filling; hence 
some of the sediment is lacustrine. 

The topography described above indicates that the valley is 
still filling, and for aught that is known, still sinking. The 
evidences of continued a^radation extend from the natural 
levees in the center to freshly surfaced alluvial fans at the moun> 
tain foot. 

Ever since the beginning of the pronounced deepening of the 
valley by the deformation of the old Pliocene surface, the drainage 
has found its outlet through the sag now marked by the Bay of 
San Francisco. The now submerged channel probably indicates 
the course of the master stream for a long time before the last 
great deformation. It was antecedent to the last uplift of the 
Coast Ranges and to the faulting which outlines the San Fran- 
cisco-Santa Clara Valley.* The valley though outlined by fault* 
ing owes its present form to erosion and submergence. Both the 
faulting and the erosion necessarily preceded the local sinking 
which made the bay. 

THE CALIFORNIA COAST RANGES 
Definition and Boundakies 

The name California Coast Range (or Ranges) is applied to the 
mountains west of the Great Valley of California. These with 
their included valleys comprise a belt nearly 400 miles long with 
an average width of at least 50 miles. The section thus dcsig* 
nated is bounded on the north by the Klamath Mountains which 
are distinguished from the California Coast Ranges geologically 
and to some extent also topographically. The topographic differ- 
ences are due mainly to the greater strength of the rocks and the 
longer physiographic history of the Klamath Mountains. As the 
sections are here distinguished, all rocks older than Jurassic arc 
included in the Klamath section. 

' The 2,000 ft. of unconBolUJatod Hodiment mcnlionotl on p. 478 aro 
ostnimed by Itansoiac to be of Pleistocene age and to indicate a subnidencc 
of 2,000 ft. since the licfpnnina of the Pleistocene. Even if it wore found 
that the lower part of this material in older than snppofle<l, it would mW 
remain true that the hatiin waa much depre^ted and lU rim elcvnlfnl at ulmnt 
tiie l>cfpnning of the Quaternary. 

* 8an Franeiaeo folio 193, p. 20, tl. 8. Ocol. Hurvey, 1914. 
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The California Coast Ranges are distinguished from the 
Angeles Ranges to the south la^ly by a difference of trend, the 
ranges of the northern section trending northwest^outheast, 
those of the southern section nearly east and west; but near the 
common boundary some ranges curve or have intermediate 
trends; hence the southern limit of the California Coast Ranges 
is not clearly marked. Conventionally the section is made to 
end with the San Rafael Mountains, the Santa Maria and Santa 
Yncz Valleys being assigned to the Angeles section. 

The eastern boundary of the section is almost everywhere 
marked by an abrupt rise of the mountains above the nearly hat 
plain of the Valley of California. A number of faults are known 
to follow this line approximately. Other faults and echelon folds 
deviate from this line at low angles and are lost to sight beneath 
the alluvium of the Great Valley. Detailed study has been 
mainly south of San Francisco Bay* but the mountain front 
farther north is believed to have the same general character. 
The whole line is evidently one of sharp deformation, whether by 
faulting or Aexure.’ 

General Description 

The Ranges. — This section consists in general of nearly parallel 
ranges of low mountains with intervening valleys of various 
widths. Most of the ranges are between 2,000 and 4,000 ft. high. 
Altitudes above 5,000 ft. are rare. The trend of the belt as a 
whole is about north 30^ west but the individual ranges, especially 
south of San Francisco, trend more nearly northwest. Thus they 
end against the coast, and the longitudinal valleys are open to the 
sea at their northwestern ends. The abrupt termination of the 
ranges in this singular manner is one of the features that suggests 
faulting along the shore line. 

In the main the ridges are relatively straight and even- topped 
but less so than the Appalachian ridges. North of San Francisco 
uniformity of altitude Is rather prominent but the several ridges 
arc maturely dissected and no broad summits remain. South of 
San Francisco there are some broader rolling uplands but inter- 
spersed among these are higher crests and the general aspect is 
less plateau-like than it is farther north. Like the Allegheny 

’ Clark, Bkvcs L., /oc. dt.: StudlM in the Tectonics of the Coast RAngcs 
of Califomia; manuscript unpublished at the time of this writing. 

< Lawson, A. G., Calif. Earthquake Comm. Kept., vol. I, p. 12, 1908. 
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ridges, the California Coast Ranges are generally separated by 
valleys which are roughly parallel to the strike but the most 
prominent of these valleys follow faults, as described below. 

The Coast. — On the west the mountains of this section rise 
rather abruptly from the sea. Throughout much of the distance 
the shore line approximately corresponds with a lino of structural 
deformation, probably involving faulting. A submarine shelf, 
roughly 25 to 50 miles wide, seems to represent a part of the 
continental mass though its outer edge is 5,000 ft. below sea-levcl 
and therefore much lower than what is commonly called the 
' ‘ Continental Shelf . ’ ’ Beyond tha 1 1 he descent is steep to depths 
of about 12,000 ft. This relatively abrupt descent likewise 
represents crustal deformation, not the front of a sedimentary 
bank.^ 

In so far as the shore line is determined by faulting, the actual 
line of the fault is now probably covered by the sea because the 
cliffs must have receded somewhat since the faulting occurred. 
In any case the last faulting must have been relatively recent, i.e., 
since the making of the youngest local peneplain. 

Throughout a large part of (he shore the sleep seaward slope is 
interrupted by old cliffs and narrow wavo^ul terraces. These 
terraces range from sca-level (o a maximum altitude of more than 
1,500 ft. The maximum height observed is nearly the same from 
the Kiamath Mountains on the north to the islands off the coast 
of southern California. As these terraces are due to intermittent 
uplift, the higher ones are necessarily oldest and most eroded. 
The benches which attract the attention of the casual observer arc 
generally not more than 800 to 1,000 ft. above the sea. Some of 
these are almost perfectly preserved. The several features of 
wave-cut terraces are all locally present: old sea cliffs, beach 
gravels at their bases, deltas, and even borings of marine animals 
in the rocks. ^ Some of the terraces are a mile to two miles in 
width. The lowest is essentially a narrow coastal plain, the 
southerly continuation of (hat described on page 461, but the 

' Lawsom, Akdrsw C., The Contlocntsl .Shelf of ihe CosAt of CaUfumiii, 
Nat. Rm. Council, BuU. 44, vol. 8, 1024; see also bathymetric chart compiled 
from data obtained with ‘*gonic depth finder,’* B.N'drogrmphic Office, U. K, 
Navy. I^waon aleo describes the Coast of California in the Calif. Earth- 
<iuahe Comm. Hept., vol. I, pp. IS-16. I90R. 

* Lawson, A. C., Geology of Carmclo Bay, Univ. Calif. BuU., Dop(. 
Ceol. 8ci., vol. I, p. 46. 1893. 
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recent sediments commonly thought of as covering or constituting 
a coastal plain are in many places almost or quite wanting. 

From lat. 38®30' (50 miles north of the Golden Gate) to Cape 
Mendocino, wave-cut terraces are almost everywhere found, 
though any one of them may be interrupted from place to place. 
Farther north where weak Pliocene rocks border the sea, cM 
recession is so rapid that (he terraces are in many places out 
away. Near San Francisco they are poorly developed; the 
lowest would in any case have been drowned by the more recent 
submergence that made San Francisco Bay. Excellent examples 
are found both north and south of Monterey Eay.^ 

Local Description. — A few of the best known ranges and 
valleys are as follows: The Diablo Range ^ is the easternmost 
range south of San Francisco Bay. It is continuous with the 
Temblor and San Emigdio Ranges to the southeast, the three for- 
ming the boundary of the Great Valley of California to its south- 
ern extremity where the Tehachapi Range (southern end of Sierra 
Nevada) curves westward and meets the San Emigdio. For 65 
miles at its northern end the Diablo Range is double, its western 
member being the Mt. Hamilton Range, so named from its 
most prominent peak. This subrange is topographically con- 
tinuous with the Berkeley Hills which border San Francisco Bay 
on the east though the latter have had a different history. West 
of the Mt. Hamilton Range is the broad, trough-like Santa Clara 
Valley, submerged at the north beneath the waters of San Fran- 
cisco Bay. West of this valley and south of the Golden Gate is 
the Santa Crus Range which is continuous southeastward with 
the Gabilan Range.* This, in turn, merges with the Diablo 
Range in latitude about 36^30^ The Santa Crus Range south 
of San Francisco borders on the sea but the mountains in line 
with it farther southeast are separated from the sen by the broad 
Salinas Valley and the Santa Lucia Range. At its southeastern 
extremity the Salinas Valley is contiguous with the Canszo 

‘ Santa Cnji folio 163, p. 6, also sheet of illustrations, XJ. 8. Geol, 
Survey, 1909. 

‘The best general map of central California is sheet J 10 of the Inter- 
national Map of the World; scale i: 1,000,000. 

» In the Coast Ranges It must not be assumed that topographic continuity 
indicates unity of physk^raphic history. Two ranges may form a continu- 
ous mass; yet their rocks and their histories may be so different as to require 
separate treatment. The range names io common use do not always 
designate physic^rapbic units. 
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Plain, ^ an elongated desert basin with centripetal drainage, 
stretching from near lat. 35^ to 35®30'. 

West of the Salinas Valley and south of the Bay of Monterey is 
the Santa Lucia Range whose southwestern flank descends steeply 
to the sea but which, on the opposite side, is more or less sul> 
divided into minor ranges roughly parallel to the main axis and 
separated by the valleys of longitudinal streams. South of the 
35th parallel arc the San Rafael Mountains which agree in trend 
with the California Coast Ranges at the northwest but curve 
round to a nearly eastward trend parallel with that of the Angeles 
Ranges. 

North of San Francisco Bay are four parallel ranges.^ Named 
in order from east to west these ranges are the Yolo, Napa, 
Sonoma, and Marin. The intervening longitudinal valleys 
named in the same order are the Berryessa, Napa, and Petaluma, 
the last named being the southern extension of the Russian 
River Valley. All of these ranges except the Sonoma and all 
of the valleys except that of the Russian River lose their contin« 
uity within 50 miles of San Francisco Bay. Farther north the 
ranges are, for the most part, merged into one broad mountain 
belt without dominant trends and without commanding ridges 
or great dividing valleys. There are minor exceptions on 
the cast side, and the basin of the Eel River at the northwest 
embraces several parallel longitudinal valleys. 

The most westerly branch of the Kcl River, known as the 
South Fork, is separated from the ocean by the Mendocino 
Plateau which occupies a belt apparently continuous with the 
Marin. This is a rugged belt 10 to 20 miles in width, extending 
from San Francisco to Cape Mendocino. It is for the most part 
drained by short transverse streams. Most of it is a submaturely 
dissected upland rising from about 1,600 ft. on the west to 2,100 
ft. on the east where it is generally surmounted by somewhat 
higher residual mountains. The entire belt is called, at least 
in its northern part, the Mendocino Plateau.* The mountains 


* As with the mountains of this section, so also with the valleys, con> 
tinuity or contiguity does not indicate unity either in character or in Itistorv. 

* OsKONT, Vakcb C., a Geological Section of the Coast Ranges North 

of the Bay of San Francisco, Univ. Calif. Dept. Gcol. 8ci., vol I\' 

l>p. 39-87, 1904. 

‘Holway, R. 6 ., The Russian River, Uoiv Calif. Pvh. in G«^r., no 1 
pp. 0-lfl, 1913. 
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which rise above this plateau, either as monadnocks on a pene- 
plam or perhaps in part faulted up, constitute a poorly defined 
ridge, the so-called Mendocino Range, near the eastern margin. 

Rocks and Structure 

Varying Resistance— The rocks of the Coast Ranges are in 
large part resistant sedimentaries. Most widespread are the 
metamorphosed rocks of the Franciscan and older series with 
their indurated sandstone, state, and other resistant rocks. ^ 
Of almost equal im|x>rtaDce are the massive Cretaceous and 
Tertiary sandstones. These younger rocks are less resistant 
than the Franciscan yet they take their place as mountain makers 
though not confined to the mountains. Weaker sediments, of 
Pliocene age, occupy mainly structural troughs but are not 
unknown in the ranges. Igneous rocks occupy relatively small 
areas. The largest of these areas are underlain by granite similar 
to that of the Sierra Nevada and Klamath Mountains. Uncon- 
solidated Quaternary sediments cover extensive areas in the 
larger valleys. 

All of these rocks except the youngest have been compressed 
and folded, the older ones several times. They have also been 
subject to faulting for a long time. The dominant direction of 
the great faults approaches that of the folds but the absence of 
close agreement is important. Profound erosion in more than 
one cycle acting on this folded and faulted mass, has left the 
several formations outcropping generally in elongate areas or 
irregular bands. These have none of the regularity of the 
outcrops in the Appalachian belt. Nor is there here that corre- 
spondence between the geologic and topographic maps which 
is so characteristic of the folded Appalachians. Most of the 
large valleys are indeed longitudinal but this fact is related 
chiefly to faulting, some of which has been so pronounced and so 
recent as to control the drainage and the major topographic 
features. Inspection of the map shows only one broul area in 
which there is little or no suggestion of longitudinal diainage and 
parallel ridges determined by structure. This is in the broad 
expanse of Franciscan rocks north of Clear Lake (lat. 39 ). 

• Lawson, A. C., Calif. Earthquake Comm, vol. I, 190 S. The age 
of the Franciscan is variously stated from Triassic to Cretac«>.«. Oo the 
geologic map of California (1916) it is called Jurawc. 
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But elsewhere, even on this same body of Franciscan rocks, wc 
find the longitudinal valley of the Russian River and some of the 
parallel tributaries of the Eel River. It is not certain that all 
longitudinal drainage in this northern part is due to faulting. 
South of lat. 88^30' faults are abundant and their influence on 
I he relief is much more in evidence than that of differences in 
hardness of rocks. 

Individual Faults. — The best known of the fault lines is the 
San Andreas Rift made familiar by the San Francisco earthquake 
in April, 1906, which was due to a slipping along this line, li 
may be traced for 530 miles southeastward from Point Aren^ts 
(lat. 39^), Throughout this distance it U marked by neari> 
straight valleys, generally at the foot of equally straight mountain 
fronts. At places these valleys and mountain slopes may be due 
directly to crustal movement ; elsewhere they may result from 
erosion along a bolt much broken up and weakened by multiple 
faulting. In such cases it may be impossible to determine which 
side was uplifted or whether all the movement may have been 
horizontal as it was in the San Francisco c.irthquake. North 
of San Francisco this depression makes Tomales Bay and 
Bolinas Lagoon which partly cut off the Point Reyes peninsulu 
from the mainland. Farther south it traverses the Santa Crus 
Mountains and determines the east front of the Gabilan Range 
and the west front of the Temblor Range. Thence it passes into 
the next section to (he south, following for some distance the 
boundary between the Angeles Ranges and the Mohave Desert 
and then the southern side of the San Bernardino Range. 

Many similar fault lines are traced for shorter distances.^ One 
of these determines the east side of San Francisco Bay and the 
Santa Clara Valley. There is another at the east front of the 
Santa Lucia Range where it overlooks Salinas Valley. A great 
thrust fault determines the westernmost slope of the Klamath 
Mountains (South Fork Range) for 100 miles. Much of the steep 
shore is of the some character os the mountain slopes named. 

^Lawsok, a. C., Calif. Earthquake Comm. Htpl., pp. 17-19, 190S, also 
the accompanying Atlas, Map 1; Fault Map of the State of California, 
Scismol. Amer., 1922; Clahic, Battca L, Toctonies of the Valle 
Graode of California; Amer. Amoc. Petrol. Gcol. Bull., vol. 23, pp. 199-238, 
1929. This paper describes many of the fault blocks of (he Coast Ranges, 
giving a brief history of each. 
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Physiographic History 

General Statement. — The physiographic history of the 
California Coast Ranges can be stated only in general terms. 
Details differ in different parts. Of many parts the details are 
unknown. The outstanding fact is that the whole region is 
divided into fault blocks and that each block must be studied 
by itself, Each has bad its ups and downs, periods when it lay 
low and received sediments, other periods when it stood high 
and was eroded, perhaps base-leveled. Some were raised in 
horizontal position, some tUted or arched.* Some blocks were 
depressed so recently that they are still low and receiving 
sediments either subaqueous or subaerial, Others whose 
depression was relatively recent were covered with weak sedi- 
ments which are again being eroded since uplift. The rising and 
sinking of the several blocks have not been reduced to system. 
The movements of each are known only by the records left on 
that particular block, not by any necessary relation to other 
members of a system. 

Older Cycles.— Of the early epochs of mountain making pre- 
sumably DO direct topographic records are left. The abiding 
results of those efforts are structural. The Franciscan and older 
rocks were closely folded and metamorphosed. The strength 
thus imparted to the rocks and the position thus given to the 
beds affect the present forms os they must influence all future land 
forms. Some of the great faults may have begun at the same 
time. At least they are very old.’ Movement along them has 
been intermittent but some of the oldest are still active i determ- 
ining the outlines of ranges and great valleys of the present day. 
Of all the faults mapped in this section approximately half are 
believed to be still active.’ 

Later Cycles. — On the whole, this section has been a rising 
area but the rise has been irregularly distributed both in time 
and place. In the meantime there has been great degradation 
of up-thrown blocks and folds and corresponding filling of 
troughs, generally fault troughs. Sedimentation in such troughs 

' Willis, Roam, Physiography of the California Cosst Ranges, Geol. 
8oc. Amer. BvU., vol. 36, pp. 641-678, 1925. Id classifying the rsoges, 
Willis has taken into account their structure as well as their physiographic 
history. 

• Clark, Bruce L, Ioc. cil .» p. 202. 

* Fault map of the State of California, Seismol. 8oc. Amer.. 1922. 
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in Pliocene time reached a maximum thickness of one mile.' 
At several times up-thrown blocks have been reduced to lowlands 
(not necessarily peneplains) which merged with extensive deltas 
in the structural troughs^ thus producing an approach to grada- 
tion plains by a combination of degradation and aggradation. 

Such was the surface over much of the area sometime before 
the beginning of Quaternary time.- It followed severe defonna* 
tion in the late Miocene or at the close of (bat period and was in 
turn followed by similar folding and faulting, largely the latter, at 
about the close of the Pliocene. In this last great erogenic 
disturbance the present ranges and great valleys came into being 
though not without relation to older lineaments, since many of 
the present features are due to renewal of movement along old 
faults; nor is it to be understood that there has been no change 
since that time. 

Toward the middle of Pleistocene time a sinking of 1,000 to 
2,000 ft. affected the entire Coast Range area. Conditions were 
similar to those of the Pliocene. The same kind of gradation 
plain began to develop but iU progress was int«rni))tc(] 1)y 
reelevation of the land. Its development was mainly on weak 
rocks, hence south of San Francisco. Meontime important 
new faulting was in progress, making, among other features, 
the trough which was later to be submerged, forming the Bay of 
San Francisco.^ In the rising that followed the mid-Pleistoccnc 
depression the marine terraces were made. Hence it is only in a 
very general way that the present topographic fonlures cun be 
said to date from the close of the Tertiary or (he beginning of 
Quaternary time.^ 

Remnants of Peneplains. — Many of the California Coast 
Ranges show undoubted remains of former peneplains. Some of 
the even crests are thus accounted for. So also are some of the 
valley floors. Moreover the valley floor may be part of (he same 

^Lawaok, a. C., Caiif. Earth<|UAke Comm. Repi,, vol. I. p. 10. lOOS. 

’Lawnon. a. C., Po«(-Pliocene DiAsCrophiam oii the Cosol of Southora 
Californit. Univ. Catif. BuU., Dept. Oeol. Sri., vol. 1, p. 16H, 1H03. 

’Lawhom, a. C,, Son Frenriico folio, tX. 8. Cool. Survey, 1014. 

* The geologic dating of event# here mentioned is the «'onccrn of hiolorical 
S<Mlegy rather than of physiography or geoiiiorpliolog)*. The latter is 
concerned with sequence only rn so far as cause and effect arc involved. 
The reason for giving any dates at all ia the assuniption that st^qurnct's are 
more easily realised if events are dated than if they are merely arranged in 
Order. The dates may changed without affecting the explanation. 
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peneplain which elsewhere fonns a mountain crest.* It is there- 
fore impossible to correlate peneplain remnants by their altitudes. 
It is only in favored cases that they can be correlated at all until 
the histories of the several structural unite (generally fault 
blocks) have been deciphered independently, 

It is not to be assumed that all of the subdued surfaces in this 
region are to be referred to the two epochs of gradation mentioned 
above. Still less can it be assumed that the two peneplains 
covered the whole area in question. The second in particular was 


Fto, IftS. — Capay Valley in northwwtero Yolo Co^jnty. Caltforwu. The 
locality is one of #toeply dippin* CroUetou* foclu p«nopltned and parhaps 
deformed siUl later by folding and fauJliog. The range in the background 
(weet) 19 monoclinal and iu creel repreaenU a peneplain. Such crerta aro com- 
mon in the Coaat Rangea but lh« pcneplaina rcprmnt $e^‘cral different cyciu 
and throughout moat ^ ihe area they bava been ao much fauJud (hat tbe^ 
remnants cannot bo correlated by altitude. (Dastd M. Durd, Uni*. Cniif. Pvb. 
tn OtOffT.) 

very restricted. None the less, the nearly level surfaces which are 
DOW moat in evidence were produced at the two stages mentioned. 
When the term cycle is used in connection with these events it 
is not to be understood that the cycle was complete. 

The summit of the Santa Lucia Range south of lat. 36® is 
described as an even surface at places several miles wide.* 
i Willis, R., Physiography of the California Coast Ranges, Geol. Soc. 
Amer, BuU., vol- 36, p. 672, 1925. 

( Fairbanks, H. W., San Luis folio 101, p. 11, U. a Gwl Survey, IW, 
mentions one place in its middle portion where the roUmg surface is 10 
miles wide. 
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Parallel ranges in the San Luis quadrangle are described in 
similar terms. These uplands are assumed to be remnants of 
a Pliocene surface, the Santa Lucia peneplain- Other ranges 
like the Gabilan show at their crests the remains of old past- 
mature or subdued surfaces, which obviously could not be 
pioduced in their present topographic position and quite as 
obviously arc being destroyed.* 

In the southern part of the section the peneplains of two 
cycles appear to be In juxtaposition.* The younger one is wide- 
spread in the Salinas Valley from which it has been called 
locally the Salinas peneplain. Its altitude is some hundreds 
of feet lower than that of the Santa Lucia peneplain but it 
rises toward the south where the (wo levels merge. 

The coastal strip of peneplain north of San Francisco, the 
northern part of which is called (he Mendocino Plateau, is no 
doubt the product of continued erosion for a long timc,“ Its 
correlation with the peneplains of the Klamath section is not 
entirely certain but it may be of (he same age as that which 
intervenes between the Klamath Mountains and the northern 
end of the Sacramento Valley.’* 

The last event throughout most of the section was a moderate 
sinking whereby the mouths of streams entering the ocean art* 
drowned, generally not more than five or six miles. The sub‘ 
merged shelf Is locally crossed by deep gorges suggesting drowned 
erosion valleys* but several of them are probably structural/ 
If the gorges arc stream-cut the valleys must have been partly 
cut in an earlier cycle, since the lowest marine terrace now 
exposed is uneroded. 

The Bay of San Francisco was made at this time by greater 
local sinking, The deepest water in this bay (just inside the 
strait) is 378 ft. This probably indicates (he full amount of 

‘ WtLWH, It, loc. cH. 

• Fahwahsb, H. W., s«n Luis folio 101, p. 12, V. 8. Grol. Surv'o.v, hm. 

• Lawbom, a. C„ Ceomorpho*5cny of the Coast of Northern California, 
Univ- Calif. E)ept. Geol. Scl., rot. I, p. 242, 1894. 

• Lawbok, a, C., Zee. eU., p. 271, 18M. For a description of the peneplain 
m thia locality sec Datan, J. K, Terliarj- itevoiution in the Topography 
of the Pwjfic Coast, U. 8. Geol. Survey, l4fA Ann, Repf.. pt. II, po. 405-408, 

See Bathymetric Chart, Hydfographle Office, U. 8. Navy, 1022 

Uwson pointe out that one of them fCarmelo Bav) is almost in line 
wth a fault, and another (Bay of Monterey) ia in the axis of a avncline, 
f Geol. 8oi.; vol. I, 
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local subsidence because the bottom is swept by tidal currents 
and the straits are not filling up.* At a single locality 20 miles 
northeast of San Francisco a raised bench shows that the land has 
risen six feet since the general subraei^ence which is otherwise the 
last movement recorded.* 

Summary of Stream Origins. — The streams of the Coast 
Ranges are of various types and ages. Some streams north of 
San Pablo (northern part of San Francisco) Bay follow synclines.* 
This suggests that they may have been consequent on the original 
folding. They might also have originated as subsequent streams 
after pcneplanation. Stream courses resulting from long adjust- 
ment are exemplified by those which flow seaward across the 
Mendocino Plateau, including the transverse portion of the 
Russian River and those north of it. These streams merely 
follow the courses which they acquired on the peneplain. Some 
of them like the Big River and the transverse portion of the 
Russian River have beautiful entrenched meanders. 

Some streams are plainly subsequent, following the strike of 
relatively weak beds. Of these, some took their courses in the 
older erosion cycle and some since the uplift of the last peneplain.^ 
The branches of the Eel River east of Cape Mendocino are good 


examples. 

Some of the Is^er streams have had a complex history. 
Thus the Santa Clara south of San Francisco Bay and the San 
Benito in the southeastward extension of the same structural 
valley flow between up-thrown fault blocks. The Salinas is 
similarly located. The original streams were doubtless conse- 
quent on this structure but the valleys which they carved out 
(at least that of the Salinas) were partly or wholly filled during 
submergence. New streams then flowed over these unwn- 
solidated sediments and were thus superposed on the hero 
rocks of the old vaUey. In tbU way the Salinas in the San Luis 
quadrangle is caused to flow for some distance in a gorge parauei 


I For amount of local depression see Lawson, A. 
the <iaat of Northern California. Univ. Calif. 

I, 26fr-268, 1894; abo SanU Crui folio 163, p. 6, U. 8. Geol. Surv y, 

» Lawsom, a. C., loc. €U., p- 271, 1S94. . ^ ^ a » Vnrth of 

«08MONT. VamcbC., A GoologicaJ Section 

the Bay of San Francisco, Univ. Calif. Ball., Dept. Geol. Sc.., vol. IV, pp. 
"^Law^^n! also Calif. Earthouako Comm. 


Kept., p- 20. 
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to the wide-open valley now left by the removal of the soft 
sediments.' The gradual cleaning out of these valleys since 
the last great submergence (mid-Pieistoccne) has left terraces 
corresponding in altitude to the marine terraces.’ 

The Russian River^ follows a similar valley east of the Men- 
docino Range. The original river in the present cycle (since the 
peneplain was uplifted) flowed seaward along the line of the 
present lower course down the slope of the peneplain. A nor- 
thern subsequent tributary had a remarkable headward growth 
along a belt of gravels and was probably aided in its headward 
growth by faulting which further extended the line of weakness 
northward. One after another the seaward-flowing consequent 
streams were captured. The gravels are now almost completely 
carried away and the superimposed stream flows through 
canyons where it crosses spurs which were buried when the course 
was chosen. 


ANGELES SECTION 
Distinouishino Features^ 

The lowlands of southern California and the enclosing moun- 
tains together constitute a section with a large degree of indi- 
viduality, but neither logically unifled nor clearly delimited. 
Its most distinguishing feature U the approximate cast-west 
trend of the mountain ranges on its northern margin. The east- 

' San Lull fotio 10 1. p. 13» U. S. Gcot. Survey, 1004. 

* Lawson, A. C., Calif. EaKhc|uake Comm. Htpt ., p. 22. 

*Holway, H. S., The Russian River, Univ. Calif. PkA. in Ccogr., vol. I, 
101$. Tho reader is referred lo this paper for a more exact statement in 
greater detail. 

* The followijig maps will be found most useful in reading at>out this 
section: 

1. Southern California, a 3-shcct topographic map issued by the U. S. 
(icol. Survey; scale 4 miles to 1 inch, contour inter>*al 2d0 ft. 

2. Coological map of California; scale 12 miles to I inch, State Mining 
Bureau. lOiO. 

8. Allas of the California Earthquake Commission, especially Map 1. 
Topographic map of California showing fault lines. Published by the 
Carnegie Institute of Washington, 1908. 

4. Irrigation map of California, Pla. I, II, and HI of Irrigation Resources 
of California and Their Utilisation, by Prank Adams. Published by U. S. 
Uept. of Agriculture aa Exper. Sta. BulL 254, 1013. 

5, Fault map of the state oI CaUfomta, by ths Sdsmological Society 
of America. 1022. 
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weal Santa Ynez Range immediately north of the Santa Barbara 
Channel branches off apur-liko from the main belt of Coast 
Ranges, making an angle of nearly 45 deg. with the ranges to the 
north, but the trends of the main ranges farther case curve 
gradually from a southeasterly to an easterly direction (Fig. 
132), As here defined, the northern section ends with the 
San Rafael Range. The southwestern foot of this range is clear, 
where the mountains rise above Santa Maria and Santa Ynez 
Valleys. The eastward extent of this section is indefinite. The 
two physiographic sections are here separated by an arbitrary 
line drawn from the head of the Santa Yncs River to Antelope 
Valley, the westernmost point of the Mohave Desert. 

South of the ranges with an east -west trend (San Gabriel and 
San Bernardino) are rather extensive lowlands sometimes called, 
with dou bt fu I propric t y , t he ^'al ley of Sou t ho rn ( 'a 1 1 fo rn ia. The 
ranges south of these lowlands trend northwest -southeast us do 
the Coast Ranges farther north. Geologically they arc merely 
faulted portions of the Lower Californian province. 

This section may be said to be characterised by mountains 
due directly to uplift (mainly faulting) rather than to differential 
erosion; also by lowlands aggraded by alluvium which in largo part 
buries an older topography. The Coast Ranges of central 
California share these chn met eristics to some extent but their 
structure and physiographic history arc loss obvious, Also a 
smaller portion of their valleys is being a^ruded by alluvium. 

AitEAL DKaciapTif>N 

Borders of the Santa Barbara Channel. — At Point Conception 
:q lat. 34^30', (he coast of California changes its direction from 
north-south to cost-west. The Santa Ynez Mountain lijingc 
follows the coast (in fact determines it) for some 6U miles east 
from Point Conception. Farther ea.st are other small rungc‘8 
with similar trends. South of this oust -west coast is the Santa 
Barbara Channel, and in line with it toward the east is the 
(in part) structural valley of (he Santa darn River. South of 
this valley are the San Gabriel Range and several small ciist-west 
mountain ranges, the most important bring the Santa Monica 
on the coast. In a direct line westward from this range is a lino 
of islands or partly submerged mountains marking the southern 
border of the Santa Barbara Channel. It thus appears that the 
dominance of cost -west trends in the A ngc*l(\s section is somewhat 



496 PHYSIOGRAPfiY OF WESTERN UNITED STATES 


greater than it would seem from an inspection of the mainland 
alone. 

The Santa Ynez Range is sharply and maturely dissected but 
has a fairly even crest 3,000 to 4,000 ft. high declining toward 
the west end. At its southern base is a narrow marine terrace 
followed through its length by the Southern Pacific Railroad. 
The width of this terrace varies from a few hundred feet to several 
miles and its altitude from sea-level to several hundred feet 
(Fig. 170). It answers to the narrow coastal plain described at 



Fto. 170 .~Wav^cut l«meM in •edimento ose mile weit of 

Voo(urB. CftUforoia. bdcI about ono>balf mllo from Um cout. Tbe plum Id th« 
fOMftround u Itu than SO ft. abova aML Tba hifber tarraeca ara aaao a profUo. 
and Ralph Arndd, Jaw. Oaoi.) 


various places farther north. Old strand lines are found locally 
more than 800 ft. high, but considerably tilted by recent crustal 
movements. At the northern base of tbe range, 6 to 12 miles from 
the shore and following a pronounced fault line, is the west-fiow- 
ing Santa Ynez River. Low mountains and broad plains occupy 
tbe area between this and tbe base of the San Rafael Range. ^ 

East of tbe Santa Ynez Range the most distinct geographic 
landmark is the Santa Clara Valley, a nearly straight east-west 

^ Good descriptioos of tbe Urge and small ranges north of the Ssnts 
Ynez River are given by Arnold and Anderson in U. 8. Geol. Survey, BuU. 
317, Tbe Santa Maria Oil Diatfict. Arnold, in describing the Summerland 
district, U. S. Geol Survey, BvU. 821, p. 18, pointaout that in the mountains 
of the western part of this section folding has been more prominent thw 
faulting. The Santa Ynez Range is mainly a great fold overturned toward 
the south. 
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valley, in part structural, cutting all the way across from the 
Mohave Desert to the ocean and followed by the Southern 
Pacific Railroad. At the west it merges with the Huencmc 
Plain, an old delta of the Santa Clara River, 15 to 20 miles in 
extent each way and one of the great agricultural districts of 
southern California. South of the Santa Clara Valley and 
separated from it by minor ranges is the San Fernando Valley, 
an alluvium-filled miniature of the California Trough (25 by 
15 miles). South of that basin is the Santa Monica Range 
whose eastern end separates the San Fernando Valley from the 
Los Angeles Coastal Plain. 

San Gabriel and Similar Ranges. — The most extensive 
mountain range of southern California is the San Gabriel, an 
extensive belt of granitic rocks with an east- west length of 60 
miles and a maximum width of about 20 miles. It is bounded 
on the north by Santa Clara Valley and the Mohave Desert, and 
on the south by the Valley of Southern California and the San 
Fernando Valley. Cajon Pass at the cast separates (he San 
Gabriel fron\ the San Bernardino Range and Fernando Pass at 
the west end, leading north from the San Fernando Valley to the 
Santa Clara, separates this range from the Santa Susanna, one 
of the many small east-west ranges referred to above. 

This large area of more than 700 square miles is a maturely 
or past-maturely dissected highland of granitic rocks. The 
average crest height is probably above 6,000 ft. Dissection by 
narrow, deep, and tortuous canyons is complete. Flat uplands 
and fiat-bottomed valleys are alike wanting, and there is no 
longer an approximate uniformity of altitude among sharp 
divides.^ So far as known this description of the topography 
of the San Gabriel Range applies equally to the other granite 
mountains^ northwest of it up to and including the San Kmigdio 
group west of Tejon Pass which is conventionally taken os the 
limit of the Sierra Nevada.^ 

* Mkkdbhiiall, W. C., Two Mountain Ranges of Southern California, 
Gcol. Soc. Amer. BmU., voI. IS, p. 661, 1007. 

* 8ce geologic map of California, 1910. 

* On the accompanying map the Sen Emigdio Mountains ore included in 
the California Coast Ranges. It ia possible that when the region has been 
better studied and when more detailed deocription « called for, the largo 
granite area west of Tejon Pass may be included with the adjacent granite 
areas cither in the Siena Nevada provinee or in the Angeles seetion of the 
PociOc Border. 
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The San Gabriel Range like the adjoining range across the 
Santa Clara Valley overlooks the Mohave Desert, the southern 
boundary of which is the great San Andreas fault. The northern 
face of the mountains is a fault scarp made by uplift on the south, 
but more recent movement has been in the opposite direction 
thus raising a line of foothills known as the Portal Ridge. The 
southern face of the San Gabriel Range is likewise a fault scarp; 
hence the entire range is an uplifted block. 

San Bernardino Range.— Eastward from the San Gabriel 
Range and separated from it by Cajon Pass, is the San Bernar- 
dino Range, a granitic mass uplifted between faults. The fault 
on the north side is less definitely known but the one on the south 
side is the continuation of the San Andreas Rift which crosses 
from the north to the south side of the mountain belt at Cajon 
Pass. 

Approached from either north or south, the San Bernardino 
Mountains look much like the San Gabriel except that in a 
commanding view the heights of the ridges are accordant instead 
of discordant. The borders of the range are deeply dissected 
by young valleys, less graded than those of the range to the west. 
Having ascended the precipitous slope, all resemblance to the 
San Gabriel ceases. The headwaters of the streams are seen 
to be separated by gently undulating and undissected divides. 
The common level of these in the western part of the range is at 
6,000 to 6,000 ft. Altitudes increase farther east toward San 
Bernardino Peak (10,666 ft.) and San Coi^nio Peak (11,485 ft.), 
but the general level is nowhere so high as these peaks. The 
central part of the range contains extensive areas at the summit 
level which are broadly rolling and not reached by erosion in the 
present cycle. There are broad meadows and even some playa 
lakes. In every way, except for features dependent on climate, 
the aspect of these areas is that of the Mohave Desert of which 
the range may recently have been a portion' (see below under 
History). 

On the northerly slopes of San Gorgonio Peak, well-formed 
cirques and moraines indicate former alpine glaciers down to the 
level of 8,500 ft.* The latitude of this peak is a little above 34®. 

‘ Mbitoenkall, W. C., U. 8. Geol. Survey. Wal. Svp. Pap. 2J9, p. 17, 
1908- 

« Fairbanks, H. W-, and CARBt. E. P., GUciatioa in the San Bernardino 
itangc, California, ‘Science, vol. XXXI, pp- 32-33, 1910- 



PACIFIC BORDER PROVINCE 


499 


So far as known this is the most southerly instance of glaciation 
in the United States.* 

San Jacinto and Santa Ana Ranges.— Of the ranges which 
bound the lowland of southern California on (he south, not much 
is known except their northern ends. The San Jacinto Range 
which forms the southwestern wall of the Salton Trough is sepa- 
rated from the San Bernardino Range by San Gorgonio Pass, a 
trough three to four miles wide, partly floored with alluvium. 



Fjo. I7i,— Han Jacinto VoJIey, atKithcrn Coiitornui, lookins aoulli from ItcUcf 
Koi Hprinn. Tha locality ia at I he vett f<inl <>r llio Han Jacfnio 
Note the inability of Ihc San Jacinlo Itlvcr lo cut a |>crmnucnl rUaniuh nluo 
ilB mimcroiia temporary ehaiincla acparulcfl l>y aaoU bars. Tho munlle of 
alhiviimi clown by thia overloaded nrciim «'o>'craan unewn agrtarc of aruriilo 
contlnuoua wHh that of the mountaine in the diriancc. (f*. .V^mp.) 

This range is continued northwestward in a line of hills or bad- 
lands almost to the city of San Bernardino. The San Jacinto 
Range, which has many crests from 7,000 to 9,000 ft. high, 
presents steep faces both to the northeast and southwest, 
Probably it is an uplifted block between faults pjtrallel to the 
San Andreas Rift. If so, the floor of Sun Gorgonio Pass, except 
for its alluvial frlling, may well be a portion of the same old 
surface which now survives in remnants at the top of the two 
adjacent ranges. 

* The nioHt sniitlicrly aun'ivina idicial we it mentioned on piiKo 105. 
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Parallel with the San Jacinto and midway between it and the 
ocean, is the Santa Ana Range, a spur from the great granitic 
highland here called the Lower Californian province. It is a 
fault block tilted seaward, the steep straight scarp on the north* 
cast side being still preserved. Its altitude declines toward 
the northwest where the uplift runs out Into the low complex 
anticline of the Puente Hills and reaches almost to Los Angeles. 
The summit level of the Santa Ana Range is a seaward-sloping, 
little dissected peneplain.* 

Lowland of Southern California. — The so-called "Valley of 
Southern California" consists of all the lowlands between the 
San Gabriel and San Bernardino Mountains on the north, the San 
Jacinto and Santa Ana on the south, and the Pacific Ocean on the 
west. The total area is approximately 2,000 square miles but 
this includes many subdued ridges, knobs, or groups of hills 
due either to recent uplift, like the Puente Hills already men- 
tioned, or residual on an Imperfect peneplain, as are the higher 
peaks or knobs on the mountain ranges. 

These hills subdivide the lowland into more or less distinct 
valleys or basins. The floors of these basins are generally 
smooth, made so by the accumulation of wash from the moun- 
tains. Such filling is locaUy of great depth, perhaps several 
thousand feet- Elsewhere the underlying rock rises above the 
alluvial surface in isolated hills or groups of hills. At still other 
places, especially near the soulhem margin, the underlying rock 
floor was less depressed or more uplifted, and no alluvium has 
accumulated- At such places the topography is that of an old 
erosion surface, generally rolling but with some conspicuous 
hills or even small mountains. 

The largest continuous plain is the so-called "Coastal Plain 
on which Los Angeles sUnds. lu length along the coast from 
the Santa Monica Mountains on the northwest to the San Joaquin 
Hills (let. 33°35') on the southeast, is 50 miles, and its breadth 
from the sea back to the Puente Hills is 15 to 20 miles. Its area 
is approximately 775 square miles. This plain represents main^ 
the combined deltas of the Los Angeles, San Gabnel, and Santa 
Ana Rivers. Like the plains more remote from the sea, this one 
is therefore composed of detritus washed down from the moun- 
tains. In this case, however, the alluvium was to some extent 

■ Lawson, A. C., CJif. Esrthqu Jte Comm. Rept., vol. I, p. 24. 
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worked over and rcdeposited by waves.' The plain at its 
inner edge is 200 to 300 fl. above the sea and hence slopes 10 to 
20 ft- per mile. 

North and east of the Puente Hills are two basins at the 
southern foot of the San Gabriel and San Bernardino Mountains. 
The western and smaller basin traversed by the San Gabriel 
River is separated by the San Jos^ Hills from the larger eastern 
basin of the Santa Ana River. Both consist of coalescing alluvial 
fans sloping south from an altitude of 1,000 to 2,000 ft. at the 
mountain base to altitudes of 300 to 500 ft. along the southern 
margin. The alluvial slope near the mountains may be as steep 
as 500 ft. to the mile but it quickly flattens, and near the southern 
margin may be 60 ft. to the mile. Even this is three to five 
times the average slope of the Coastal Plain, whose form is partly 
the work of waves. In this arid climate and with this porous 
material, such slopes are insufficient for erosion, and the surface 
of the plain remains essentially without local relief. 

Throughout these valleys or basins, isolated hills or groups 
of hills rise here and there above the plain of aggradation 
Some are of granite, others of sedimentary rocks. These hills arc 
only the higher parts of the old topography which la gradually 
being inundated by a flood of alluvium, ^t ween hills t he burled 
rock surface lies at unequal depths below the present plain, 
locally several thousand feet. 

Southeast of the Santa Ana River, a valley nearly 25 miles 
wide between the San Jacinto and Santa Ana Mountains extends 
to the southeast for at least 40 miles (Fig. 171). Broad irregular 
belts of alluvium occupy a part of this area, the remainder of 
which is diversified by hills and low mountains. The name 
‘‘Perris Plain'’ taken from the principal town, is properly applied 
to the main alluvium*covered area. As seen from the mountains 
on either side, the surface of the entire down-faulted block 
(grabon or moat) is a lowland. 

Stream Habits.* — The streams of this section are actively 
degrading their mountain courses and are aggrading their valley 
reaches with corresponding rapidity. The amount of porous 
alluvium already laid down is so large that all streams sink in and 
disappear within a few miles of the mountain base, sometimes 

• If the term "cotstaJ plain" be so restricted sa to exclude plains partly 
Of wholly surfaced by subacrUl wash, the term would not be applicable to 
t])Lf area. 
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TiQ. 172.— A Piedmont aHuntl plwn or compound nllunal fan in »uj^cfu 
California. Contour intenal 50 ft. The aquam in the northern part 
milea. Note the number of Ih-ing atrearas in the 
hranchinf aand waahee on the plain. It la on web ?»•»;»« 
ond grapoa of aouthern California are grown. iU. S. 0«i. Surety. C "P* 
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within a few hundred feet. Beyond the point of their disappear 
ance in dry weather, their courses may be traced as dry washes 
or *‘sand washes/’ used only in time of flood when the strean^ 
reaches farther out on the alluvial slope. Such stream courses 
commonly consist of a network instead of a single channel 
The larger streams have more or less continuous washes reaching 
to the sea but all such streams are 'interrupted/’ i.e., their 
courses consist of alternating stretches of dry wash and flowing 
water. Where the alluvium is deep and porous, the water 
percolates slowly through it in a down-stream direction but 
does not appear at the surface except in time of hood. Where 
the underlying rock approaches the surface and obstructs perco- 
lation, the stream hows at the surface. The bearing of this on 
irrigation and on the ground-water supply is evident. With 
constantly increasing depth of alluvium the proportion of perco- 
lating to flowing water is naturally increased, likewise the pro- 
portion of sediment deposited to that carried through to the 
sea. Even now the amount of the latter U very small. 

The practical value of the percolation of water beneath the 
dry washes is illustrated by the experience of Los Angeles with 
its former water supply derived from the San Fernando Valley. 
The wash of the Tujunga River crosses San Fernando Valley 
from the San Gabriel Mountain on the north to the Los Angeles 
River on the south. From wells sunk in and near these channels 
Los Angeles derived an abundant water supply until her popula- 
tion exceeded 300,000. The courts held that the city had the 
same right to that underflow as it would have had to a surface 
stream. Hence the right of private parties to tap the same 
supply by wells was refused,^ 

Shores and Islands. — The shore line throughout this section, 
as both north and south of it, gives evidence of recent rising. 
The young marine terrace on the south side of the Santa Ynes 
Mountains has already been mentioned. Remnants of older 
shore lines arc found near Santa Barbara as high as 850 ft. One 
of these now declines in altitude eastward at the rale of more than 
100 ft. per mile/ indicating pronounced crustal warping since 
the older beaches were made, f.e., in late Pleistocene time. 

' DitLER, J. 8., Guidebook of the Wntem United SUtee, U. 8. GeoK 
Survey, fitiU. 614, p. 98, 1915. 

•Armoi;.d, R., Geoloi^ and Oil Resources of the j5ummerland District, 
California. U. 8. G«oI. Survey, BuU. 321, p. 19, 1907. 
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That deformation is continuing was shown by the earthquake 
at Santa Barbara in 1926. 

The San Pedro Hills which form the bold headland 20 miles 
south of Los Angeles are an island similar in every way to (he 
others which lie a few miles off shore, but incidentally connected 
with the mainland by the abundant deposits of the Los Angeles 
and San Gabriel Rivers. Its summit is 1,475 ft. above the sea. 
From sea-level to a height of 1,240 ft. its sides are terraced by old 
strand lines, perfect below, eroded above.’ 

Off the coast at distances ranging from 25 to 90 miles are 
six islands of considerable size. Of these it is noteworthy that 
the two which lie nearest the mainland, Santa Cruz and Santa 
Catalina, have rugged slopes deeply scored by stream valleys 
whose lower courses are drowned. The eastern part of Santa 
Rosa Island is similar, while all the islands lying farther from 
shore show wave-cut terraces, generally to heights approaching 
1,500 ft. It might be inferred from this that the sea bottom has 
recently sunk along a belt containing the nearer islands while 
farther out it has been rising, as has the mainland to the east 
and north, In that case this sinking belt would be analogous to 
the California and Puget Troughs with which it is almost in line. 
Reasoning based on the presence or absence of wave^ut terraces 
alone is not, however, conclusive, since (heir development and 
preservation are affected by the nature of the rocks and preexist- 
ing slopes. Partly on this account the coast of the mainland, 
the whole of which is believed to have risen recently, contains 
stretches of well-marked terraces altemaling with others free 
from such evidence.* 

All the islands here referred to rise from the structural terrace 
or “Continental Shelf “ described on page 483. This shelf 
broadens to more than 150 miles where the shore of southern 
California swings to the east. Its surface is much broken as 
though by faulting. Among the islands are basins or troughs 

^For details of stracd lioes on the ialancb of southern Catifomis, sea 
Smith, W. S. Tajjaibr, A Topographic Study of the Islands of Southern 
California, Univ. Calif. BuU., Dopt. Oeol. Sd., vol. II, no. 7, pp. 179-230, 
1900; also Lawson, A. C., Poat-fliocene Diastrophism of the Coast of 
Southern California, Univ. Calif. Dept. Geol. Sci., vol I, pp. 115-160, 
1893 

* Smith, W. S. Tangier, ioe. at, pp. 208-218, believes that the distribu- 
tion of hard and soft rocka and the former slope* of these iaUnda are sufficient 
to account for the reraarkable distribution of wave-cut terraces. 



FAC/P W tiOROBR FHOV/XCS 


505 


reaching depths of more than 6,000 ft. There can be little doubt 
that the recent structural history of this submerged shelf is 
similar to that of the adjacent mainland, and that in its larger 
features the topography is similar. The Channel Islands (south 
of the Santa Barbara Channel) are probably an anticlinal moun> 
tain range. Other islands are upthrown fault blocks, San Cle- 
mente being a t 3 n)icai “basin range. “ The troughs and basins 
find their analogues in San Fernando Valley of the Angeles section 
and Death Valley of the Creat Basin.* 

Summary op Phvsiooraphic History 

In a general way the physiographic history of this section 
agrees with that of the section north of it. The mountains arc 
mainly fault blocks, uplifted at different times, now dissecting 
or dissected, some more, some less, with concurrent alluviation 
of the valleys, Pcneplaning in late Tertiary time may have been 
prevalent but the lack of synchrony in the physiographic histories 
of the several ranges makes it difficxiit to determine how wide- 
spread any one peneplain may have been. The outstanding 
topographic features arc mainly structural and due chiefly to 
faulting, though the faulting did not all occur at the same time. 
It is a safe inference that the movement which raised the partly 
dissected San Bernardino and southern ranges came decidedly 
later than that which raised the maturely dissected San Gabriel 
Range. It may well be that the summit uplands of the San 
Bernardino, Ban Jacinto, and Santa Ana Mountains are all parts 
of the same peneplain or old rolling surface observed in tlie floors 
of the Mohave Desert, San Gorgonio Pass, and the Perris Basin. 
If so, they might also be correlated with one of the levels shown 
in the Tehachapi and Sierra Nevada Jtanges.* It would follow 
then that the old erosion surface of low altitudes and moderate 
reliefs which stretched from the Mohave Desert to the sea was, 
at the time of its making, surmounted by the San Gabriel Range, 

^ Law AON, A. C., The Con linen Ul Shelf of the Coeet of Ctlifom ia, Nat. 
Ree. CouMlI Buii, vol. 8, no. 44, 1W4. Thiapoper discuaeca the* entire aiH'u 
covered by the survey made with (he eonic depth finder extendins from Son 
Francisco to Mexico, and published as Balhymetric Chart 6194, Hydio- 
graphic Office, V. 8. Navy, 1922. 

* HanaiiBY, 0. H., The Quaternary of Southern California, Univ. Calif 
BuU.. Dept. Gaol. 8cl., vol. Ill, pp. 1-30, 1902; Lawaon, A. C., Gcomorpho- 
geny of (ho Tehachapi Valley System, Vniv. Calif. Bull., Dept. Ccol Sci 
vol. IV, pp. 431^62, 1904. 
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as it was by the Sierra Nevada and Tehachapi Ranges, then much 
lower than they are now, 

Without regard to exact correlations it is still true that both 
up-faulted and down-faulted blocks had former surfaces of 
relatively small relief, whether or not they were all continuous at 
one time. The original form of this surface may still be seen in 
parts of the Perris Valley where it remains uncovered, and in 
parts of the San Bernardino Mountains where it remains undis- 
sccted. Where the valleys are deeply filled with alluvium the 
rock surface is presumably quite as uneven as where it is exposed 
and not dissect^. The burial of rock hills is still progressing. 

The main drainage lines of this section are evidently antecedent 
to the Santa Ana Mountains and presumably established before 
the last uplift of the San Jacinto and San Bernardino Ranges. 
The Santa Ana River cuts directly through the Santa Ana Range 
in a narrow valley nearly 2,000 ft. deep. Certain tributaries 
plainly owe their courses to fault lines. Such are the east and 
west forks of the San Gabriel River and those stretches of the San 
Jacinto which follow the bases of the newly faulted mountains, 


Resources 

Petroleum is abundant in the Angeles section. It occurs in 
the relatively young (Miocene to Pliocene) sediments where 
moderately folded, Suitable structures and large supplies are 
found from the Puente Hills on the southeast to the Pacific Ocean 
north of Point Conception. 

As agriculture is the greatest industry of southern California, 
the soil and the water which give it value are necessarily the chief 
resources. The rainfall is insufficient for farming without irr^a- 
tion. It is, moreover, confined to the winter months, mainly 
from November to March or April. The annual rainfall ranges 
from 20 in. down to 12 in. according to altitude or distance from 
the higher mountains. All the natural flow of streams was long 
ago appropriated for inigatioD. Irrigation from wells, both 
flowing and pumped, has long been important. It will be 
otserved that the great thickness of porous alluvium, while 
causing streams to decrease in sise and disappear, is favorable 
to the conservation of a vast supply of ground water. Fortu- 
nately the conditions are such as to favor artesian wells throu^- 
out one large area and several small ones. The large one is in the 
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Coastal Plain southeast of Los Angeles. The sediments in that 
area occupy a trough or basin in the underlying rock. In genera) 
the bedrock surface slopes toward the sea and is many hundreds 
of feet deep, but near the coast it approaches the surface in a long 
swell or ridge thus obstructing the seaward movement of the 
ground water and holding it back in a basin or trough of relatively 
dense rock.' An artesian basin of several hundred square miles 
is thus produced. There are several similar but much smaller 



Pio. 17a.<— Citnie fruit iaod* of tho Riveni4^Hi<)i]ondo trrigalson dirtrirt. 
Muthern Ctlifoniio. Liko idmI o(h«r fruit-crowina districts of soulKern 
Oslifomis. this one is on slluvium wssli«<t down from the mounuins snd spr<'h<l 
out M ftlluvisl fans or slluvial slope*, psrCislly or wholly submerKins 
points of the older rock eurfM^. (MendrnhcH. U. S. Oni. .'^urery.) 


basins, one of them just east of San Bernardino and another 
southeast of Pomona. 

Outside the area of flowing welb, pumping is necessary. This 
is now done on a large scale. In 1907 there were in this section 
3,000 flowing wells and 1,400 pumping plants. During the 
pumping season, the combined flow of the flowing wells was about 
200 sec. -ft. and the flow from pumps was 300 aec.-ft.^ 

> MBNPUfHAtL, W. C., U. 8. Geol. Survey, W 9 I. Sup. Paps. 137, 138, 142. 
and 219. 

* Mbkdenkall, W. C., Ground Waters of the Ban Joaquin 
California, U- 8. Geol. Survey, Wat. Sup. Pap. 222, p. 27, 1908. 
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As with practically all other artesian basins where water is 
valuable, the water is being drawn from these basins more rapidly 
than it comes in. The results of this are j (1) the flow from the 
wells is decreased; (2) the depth of the water table is increased; 
and (3) the artesian area is shrinking. In some localities where 
the water table was formerly 25 ft. deep it is now 50 ft. deep.* 
The surface is thus made drier and the work of pumping increased. 

The original area of the Coastal Plain artesian basin was 290 
square miles. This was reduced to 190 square miles in the decade 
preceding 1904.* Both the shrinkage in area and the fall of the 
water table were in part due to a decade of deficient rainfall, but 
the results also indicate excessive use. 

The combination of semitropical climate, very rich soil, and 
artificial watering causes farming in this section to be intensive. 
Most of the hundred million dollars worth of citrous fruits sold 
annually from the state of California are produced in this section.^ 
Other fruits, grapes, and nuts arc also produced on a vast scale. 
Of field c^op^, beans and sugar beets are perhaps most important, 
especially on the low delta plain at the mouth of the Santa Clara 
River. 


LOWER CAUFORNIAK PROVINCE 

South of the parallel ranges of block mountaina of which the 
San Jacinto and Santa Ana are best known and extend farthest 
north, is a broad dissected seaward^sloping granitic upland not 
unlike that of the Sierra Nevada but of lower altitude, generally 
not much above 5,000 ft. on its higher (east) side. On that side 
it presents a steep face, a series of fault scarps, to the low«]ying 
Salton Trough. 

The area here described is arbitrarily limited on the northwest 
by the Santa Margarita River, since it is convenient to speak of 
the San Jacinto and Santa Anna Mountains in connection with 
the other ranges surrounding the lowland of southern California. 
The Angeles section is in some ways strongly marked but its 
limits are more or less arbitrary. Moreover the extensive upland 
of Lower California must be recognised as a province, but the 
limit here assigned is a matter of convenience. 

* U. S. Geol. Survey, IFo^. Sup. Pap. 138, p. 34. 

* XJ. 8. Geol. Survey, Wal. Sup. Pap. 139, p. 18. 

*In the census year 1919 the cilrous fruits produced in California were 
valued at $87,000,000. 
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That part of this long belt which lies in the United StaU*s^ 
consists largely of rolling uplands surmounted by residual hills 
and small mountain ranges. The large area is subdivided by 
deep valleys or polygonal basins into smaller masses sometimes 
called ranges, at other times mesas. Some of these arc 
remarkably smooth, even cultivated, but they differ in this re- 
spect as also in altitude. Some of the uplands arc sloping, their 
several edges being eroded more or less according to the amount 
or rate of uplift or perhaps according to the time elapsed since 
the last uplift. The whole region appears to be composed of 
fault blocks displaced in different ways and at different times, 
some of them still moving. Meantime erosion has worked with 
or against diastrophism according as crustal movement 
was downward or upward. On account of the large number 
of faults and the recency of some, the details of topography 
and physiographic history differ for each fault block. 

This granitic upland is bordered on the west by a terraced 
lowland’ 12 to 18 miles wide and 60 miles long within the limits 
of the United States. Isolated granitic hills rise above this 
plain, becoming more numerous toward the cast where the plain 
is gradually lost among spurs and outliers of the upland just 
described. The plain, whoso full height is 800 ft. at the inner 
edge, is preserved only in remnants, a large part of it being 
destroyed by transverse streams from the mountains. Alluvial 
terraces of considerable width extend from the mountains to 
the shore where they merge with marine terraces, indicating that 
this part of the coast has shared the recent general uplift of the 
California Coast. Its gradual or intermittent rise is recorded in 
its terraces, the lowest and youngest of which may perhaps be 
correlated with the Los Angeles Coastal Plain. This youngest 
marine terrace, only slightly above the sea, is several miles wide 
at the north, but in the southern half it is absent and there arc 
steep sea cliffs. 

The entire plain west of the granite upland is a composite della 
of many streams. Though still young, it is distinctly older both 

'8aubh, Cahl, Land Fortnn in tho Peninsular Range of Cnliroriiis av 
developed about Wamer'a Hot SpnngBand Mesa Grando, Univ. Calif, Pub. 
in Orogr., Vol. 3. pp. 100<290, 1920. ThU » Ihc iiH)8t rcH’cnt niul ino8t 
intcn>4iv<* study of a portion of the area licrc d<*«crilHHl. 

* Law MON, A. C., Poat-Plioceiic Diaslruphisni of tiu' Ouisl of Suu(lu>m 
California t niv. Calif. BuU.. DepU Cool. 8ri., vol. I, pp. 115-ltiO, IH03. 
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in time and in topographic developmeat than the Los Angeles 
Coastal Plain. It embraces a large amount of good arable land, 
perhaps a third of the entire area, but the water supply is limited. 
The climate is more arid than further north. The neighboring 
mountains are lower and the flow of the streams is correspond- 
ingly smaller. The irrigated acreage in this section in 1913 was 
less than a tenth of that of the Angeles section. By the storage 
of waters in reservoirs the area may be doubled or quadrupled.* 

San Diego Bay is an exceptionally good example of a lagoon 
almost shut off from the ocean by a wave-built bar. The position 
of this long bar know*n as Coronado Beach was determined by 
currents from the south which cut across the open bay from 
Coronado Heights to Coronado Island. Behind the islands and 
bar is a spacious harbor. 

* Adams, Faanx, “IrrigBtion Rcsourees of California and Their UtilU 
aation/’ U. S. Dept. Agr., Exper. Sta., AuU. 254. pp. 3S-39. 
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Ab&jo Mountftinft, 311. 

Ahsarokft Ranf^, 158. 

Adam«, Frank, Irrigation Reaourcoa 
0 ( California and Their UUliaa* 
tion, 493, 510. 

Adame, Ceo. I., Geology and Water 
Resources of the Patrick and 
Goshen Hole Quadrangles in 
Eastern Wyoming and Western 
Nebraska, 19; Physiography 
of Kansas, 27, 28. 

Adams, Geo. I., and others, Gypsum 
Deposits in the Unit^ States, 
$ 5 . 

Agency Plain, 271. 

Alden and Btohinger, Pre-Wisconsin 
Drift in the Rei^n of Glacier 
National Park. 73. 

Alden, Wm. C., Physiographic De- 
velopment of the Northern 
Great Plains, 63. 66, 66, 76. 
168; Pre- Wisconsin Drift in 
the Region of Glacier National 
Park, 73; Yellowstone National 
Park and Ita Environs in the 
Great Icc Age, 163; Glaclera 
of Glacier National Park, 207. 

Alkali marehes, 386. 

Alluvial fans, 340. 

.American Falls, 241. 

American Pork, 175. 

Anaconda Range, 214. 

Anderson, A. L., Mica Deposita of 
l^itah County, Idaho, 231. 

Angeles section, distinguishing fea- 
tures of, 493; local descriptions 
in, 405, 497, 498, 499, 500; 
streams of, 501; shore line of. 


503; islands off the coast of, 
504; ph>'8iographip history of, 
505; resources of, 506, 

Antelope Hills, 130. 

Apache Mountains, 382. 

Apishapa River, 43. 

Aquarius Plateau, 295, 298. 

Arapahoe Peak, lOl, 103. 

Arikaree formation, age of, 17; 
characteristic topography on, 
18; also Fig. 8, p. 17; Fig. 9, 

p. 20. 

Arkansas Hilla, 104. 

Arkansas River, 22. 25, 27, 33, 35, 
104. 110, 128. 

Arnold and Anderson, The Santa 
Maria Oil District, 490. 

Arnold, Ralph, Geological Recon- 
naissance of the Coast of the 
Olympic Peninsula, Washing- 
ton, 456; Geology and Oil 
Resources of the Summerlanil 
District, 496, 603. 

Arro3*oa, 371. 

Artesisn water, classes of, 87. 

Atanum-Moxec Valley, 207. 

Atwood and Mather, Evidence of 
Three Distinct Glacial Epochs 
in the San Juan Mountains, 
119; Grand Canyon of thv 
Gunnison River, 126. 

Atwood, W. W., Physiographii* 
Studies in the Han Juan District, 
119; Glaciation of the Uinta 
and Waaaieh Mountains, 175, 
178, I8l, 182; Physiographic 
Conditions and Copper Enrich- 
ment, 213, 221; A Geographic 
Study of the Mesa Verde, 309. 

Auhrey Cliffs. 382. 

Avon BaftD, 223. 
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Awapa Plateau, 298. ground water of, 343; dunes in, 

Axial Basin, 138. 344; origin of, 345. 

- Battlement Mesa, 306. 

Baxter Basin, 138. 


Badlands, conditions favoring, 68; 
areas of, 67, 69, 384. 

Baker, C. L., Notes on the Cenosoic 
History of Central Wyoming, 
107; Physiography and Struc- 
ture of the Western El Paso 
Range and the Southern Sierra 
Nevada, 407. 

Balcones escarpment, 51, 53, 65. 

Bald Mountain, 103. 

Hall and Stcbinger, Eastern Fart 
of the Little Snake River Coal 
Field, Wyoming, 145. 

BaU, M. W., Wesum Fart of the 
Little Snake River Coal Reid, 
Wyoming, 145. 

Ball, Sydney H., Geology of the 
Georgetown Quadrangle, Colo- 
rado, 102. 

Bannock Thrust, 171. 

Barrel!, Joseph, Geology of the 
Marys v»lle Mining District, 
Montana, 214. 

Barton Springs, 53. 

Basin and Range province, distinc- 
tive features of, 326; boundaries 
of, 326; index map of, 327; 
subdivisions of, 328; climate of, 
328; ranges of, 330; intermont 
basins of, 840. 

Basin ranges, topography of, 330; 
view characteristie of. Fig. 119, 
p. 331; rocks of, 382; structure 
of, 382; origin of, 333; hypothesis 
of faulting in, 333; fresh faulting 
in, 334; faceted spurs in, 335; 
discordance of outline and struc- 
ture in, 336; valley forms in, 
337; springs in, 337; tilted 
peneplain in, 338; second 
cycle” interpretation of, 338. 

Basins, general relations of, 340; 
alluvial fans In, 340; playas in, 
341; rock pediments in, 343; 


Bear l^ke, 171. 

Bearl^e Plateau, 171. 

Bear River, 171, 175. 

Bear River Plateau, 171. 

Bear River Range, location of, 173; 
topography of, 174. 

Bearpaw Mountains, 62. 

Beartooth Range, extent of, 156; 
structure of, 150; topography 
of, 157; altitudes in, 158;glacia' 
lion of, 158; history of, 158. 

Beaver Creek, 86. 

Bechler, G. R., Topographical Re- 
port on the Yampa River 
Diatriet, 138. 

Beekly, A. L., Geo1og>’ and Coal 
Reaources of North Park, Cob- 
rado, 100, 111, 126. 

Belle Fourche, 77. 

Belt Range, location of, 217; struc- 
ture of. 218; altitudes in, 218. 

Bentley, H. L., Cattle Ranges of the 
Southwest, 90. 

Benton limestone, 27. 

Benton shale, 86. 

Berkeley Hilla, 484. 

Sevan, Arthur, Rocky Mountain 
Peneplains, 76, 156, 159; The 
Rocky Mountain Front in Mon- 
Uoa, 209, 217, 218. 

Big Belt Range, see Belt Range. 

Big Bend Country, 233. 

Big Butte, 239. 

Big Hole Basin, 224. 

Big Hollow, 140. 

Bighorn Basin, 166. 

Bighorn Mountains, structure of, 
160; summit uplands of, 160; 
view of subsummit upland of. 
Fig. 59. p. 161; secondary 
ridges of, 162; glacintion in, 
162; map showing glacial fea- 
tures of. Fig. 60, p. 163. 

Bighorn River, 63, 137, 142, 160. 

Big Xdtsl River, 2^. 
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Big River, 492. 

Big Snowy Mount&ins, 61. 

Bishop conglomcrsU, 146. 

Bishop Mountain, 145. 

Bitter Creek, 137. 

Bitterroot Mountains, topography 
of, 197; diagram of front of, 
Fig. 76, p. 199. 

Bitterroot Valley, 198, 201 . 2I3, 222. 

Black Canyon, 117. 

Block Hills, general rcblioiks of, 
7; description of, 79; Central 
Ba.4in in, 80; limestone plateau 
in, 81; Red Valley in, 82; 
boundary of, 83; volcanic iiuMin* 
tains in, 84; ph>'aiographic 
history of, 84. 

Black Meta, description of. 314; 
borders of, 316. 

Black Prairie, S7. 

Black Rock Desert, 355. 

Black welder, Eliot, Cenosok 

tory of the Laramie Region, 
Wyoming, 93, 100, 108; Post- 
Cretaceous History of the 
Mountains of West Central 
Wyoming, 148, 167, 108, 170, 
172; Reconnaissance of the 
Phosphate Deposits in Western 
Wyoming, 109; New Light on 
the Geology of the Waaatch 
Mountains, Utah, 174, 176; 
Old Erosion Surface in Idaho, 
194; The Recognition of Pauli 
Scarps, 333, 336, 338; Mud 
Flow oa a Geologic Agent in 
Semi-arid Mountains, 341. 372; 
Origin of the Piedmont Plains 
of the Great Basin, 343. 347. 

Blanca Peak, 104, 105. 

Blue Hills, 27, 446. 

Blue Lake Alcove, 242. 

Blue Mountain section, character 
of, 248; mountains of, 248; 
view of lava plateau in, Fig. 
92, p. 250; Snake River Canyon 
in. 250; forests of, 251. 

Boiw Mountains. 188. 

Boise River, 246, 247, 248. 


Bobuns, 369, 395. 

Book Cliffs, 305. 

Boulder lutholith, 214. 

Boulder district, lOl. 

Bout well, J. M., Geolog>’ and Oro 
Deposits of the Park City 
District, I'tah, 174; Ktratig- 
raphy and Structure of the 
Paric City Mining District ,176. 

Braided streams, 12, 477. 

Branner, Nev'som nnd Arnold, 

Crus folio, 484, 492. 

Bray, Wm. M,, Timber of the Ed- 
wards Plateau of Texas, 53. 

Brasos Basin. 57. 58, 59. 

Break of the plains. 25. 

Brets, J Ha Hen, The SpokaiK* Flood 
Beyond the Channeled Senb- 
lands, 252; Channeled Scab- 
lands of the Columbia Plnlenu, 
252, 265, 258; Glacial Druitmge 
on the Columbia Plateau, 252, 
261, 263; Alternate Hypotheses 
for Channeled Scahlands, 258; 
Channeled Seshland and the 
Spokane Flood, 258; Chaimel(><i 
•Scahlands of East cm ^^’BHhi rig- 
ton, 258, 259; The Dalles 
Type of River Channel, 258, 
260; Late I^eistoeene Submer- 
gence in the Columbia Valley. 
263. 453; Glaciation of lh<* 
Puget Sound Region. 444, 445. 
447, 462, 453; Ghcial Lake.t 
of Puget Sound, 444, 447, 452; 
Terminal Moraine of the Puget 
Sound Glaekr, 444, 448. 

BKdgcr Basin. 145. 

Bridger Mountain, IGO, 166. 

Bridger Range, 157. 

BrUckuer, E,, **Klimaschwank ungen 
seit 1700,** 351. 

Brule formation, age of, 17; view 
of topography on, Fig. 8, p. 17; 
in Goohen Hole lowland. 19. 

Bryan, Kirk, Geology and Grounrl- 
water Resources of the Sacra- 
mento Valley, California, 474; 
The “PalouBc Soil" Problem. 
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255; Date of Channel Treneh> 
ing in the Arid Southwest, 
325; The Papago Country, 
330; Erosion and Sedimentation 
in the Papago Countn', Ari> 
zona, 332, 347, 367, 370.* 

Bryce Canyon, 298, 301. 

BulTalo Peak, 113. 

Buffalo Plateau, 157. 

Buffalo wallows, view of, Fig. 7, p. 
14; origin of, 15. 

Bull Lake, 210. 

Bullychoop Mountains, 468. 

Butte^Helena district, 214. 

Buwalda and Santon, Geological 
Events in the History of the 
Indio Kills and the Salton 
Basin, 378. 

Buwalda, John P., Gas and Oil 
Possibilities of Southwestern 
and South Central Idaho, 228. 

C 

Caballos Range, 383. 

Cabinet Mountaina, 209. 

Cajon Pasa, 497. 

Calapooya Mountains, 432. 

Caldera, 433. 

Calhoun, P. H. H., The Montana 
Lobe of the Keewatin Ice 
Sheet, 62, 64, 7S. 

California Coast rangea, boundaries 
of, 481; description of, 482; 
coast west of, 483; local descrip- 
tions in, 484; structure of, 486; 
faults in, 487; physiographic 
history of, 488; drainage of, 
492. 

Calkins and MacDonald, Geolo^cal 
Reconnaissance in Idaho and 
Montana, 187, 201, 210. 

Calkins, Frank C., Geolog)* and 
Water Resources of East Cen- 
tral Washington, 255, 261, 264. 

Campbell, M. R., GuideliMk of the 
Western United States, 130, 
216, 219, 430; The Glacier 
National Paric. 206. 


Canadian Border, see Mountains 
of the Canadian Border. 

Canadian escarpment, 44. 

Cansdian River, 22, 44, 49. 

Canyon Diablo, 283. 

Canyon lands, general character 
of, 306; limits of, 806; margin 
of, in western Colorado, 307; 
description of separate units 
in, 308, 309, 310, 311. 

Canyons, conditions favoring the 
development of, 274. 

Cape Flattery, 456. 

Capitan Mountains. 894. 

Cappa, 8. R., Rock Glaciers in 
Alaska. 121. 

Carbon Basin, structure of, 141; 
topography of, 142. 

Caribou Range, 171. 

Carillos Mountains, 383. 

Carizso Plain, 484, 

Carlisle shale, 32. 

Carpenter, Everett, Ground Water 
in Southeastern Nevsda, 343. 

Carriso Mountains, 311. 

Carson Range, 397, 402, 405. 

Canon Snk, 355. 

Cascade Mountains, sm Sierra- 
Cascade province. 

Cascade Pass, 423. 

Castle Mountain, 318. 

Castle Peak. 430. 

Cataract Canyon, 283. 

Cathedral Bluffs, 144. 

Cedar Bnaka, 297, 301. 

Cedar River. 445. 

Centennial Range, 188. 

Central Texas section, genera! rela- 
tions of, 9; rocks and structure 
of, 64; topography of, 64; 
subdiviaons of, 55, 57, 58, 59; 
physiographic history of, 59. 

Chamberllik and Salisbury, “Geol- 
ogy," 121 . 

Chamberlin, R. T., The Building 
of the Colorado Rockies, 98. 

Chamberlin, T. C., Suppleraenury 
Hypotheses R^pecting (he Ori- 
gin of the Loess of the Mis- 
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smippi Valley, 21; Prelimiciai^* 
Paper on the Terminal Moraine 
of the Second Glacial Epoch. 70. 

Channel Islands, £06. 

Chapman, Robt. H., Structure of 
(he Rocky Mountains in Lewis 
and Clarke Timber Reserve, 
Montana, 208. 

Chaquaqua Plateau, general rela- 
tions of, 37; description of. 42. 

Chaquaqua River, 43. 

Chehalis River, 461. 

Cherokee Ridge, 144. 

Cheyenne River, 77, 86. 

Chocolate Cliffs, 303. 

Chupadera Mesa, 385. 

Ohueka Mountains, 314, 

Circle Cliffs, 311. 

Cirques, conditions favoring the 
development of, 162. 

Clark, Bruce L., Tectonics of the 
Vallo Grande of California, 
480, 487, 488; Studies in the 
Tectonics of the Coast Ranges 
of California, 482. 

Clark Fork, 159. 210. 

Clark Range, location of, 205; 
view of. Fig. 78, p. 206; alti- 
tudes in, 200; structure of, 
206; glacial features of, 207; 
history of, 207. 

Clesrwatcr Mountains, 186, 188, 
190, 196, 198. 

Clearwater River, 238, 251. 

Clermont Hill, 403. 

Cline Falls. 208. 

Coastal Plain of California, 600. 

Cochatopa Hills, 114, 126. 

Coeur d'Alene Lake, 196, 201. 

Coeur d^Aleno Mountains, 185, 186, 
188, 189, 196. 

Collier, Arthur J., and Thom, W. T., 
The Pltaville Gravel, etc., 66. 

Colorado Mountain Oub, publica- 
tions of, 98, 114. 

Colorado Kedmont, general rela- 
tions of, 5; boundanea of, 80; 
structure of, 31; topography of, 
81 ; physiograpbic history of, 36. 


Colorado I^teau province, dis- 
tinguishing features of, 274; 
index map of. Fig. 101, p. 275; 
separato pbUaus of, 276; vege- 
tation of, 27C; sections of, 277; 
generalised geologic map of, 
Fig. 110, p. 300; physiographic 
history of, 320. 

Colorado River, 57, 58, 111, 127, 
307, 375; comparisoo of, with 
Nile River. 376. 

Columbia Plateau, boundanos of. 
225; rocks of, 225; index map 
of. Fig. 83, p. 226; physio- 
graphic history of, 229; sect ions 
of. 236. 

Columbia River, 228, 233, 482, 
440, 461. 

Columbia Mountain System, stru<‘* 
(ure of. 211; aUitudes in. 212; 
glaciation in, 212; vpgelation 
in, 218. 

Comal Springs, 54. 

Comb Ridge, 321. 

Comb Ridge monocline. 310. 

Consequent stresnts. 28. 

Continental Divide, 103, 110, 112, 
114. 128, 187, 214. 

Coon Butte, 283. 

Coronado Beach, 510. 

Coulee district, altitudes In. 256; 
rainfall of, 257; vegetation of, 
25$; acablands of. 258; Dr^im- 
heller Channels in. Fig. 95, p. 
260; Grand Coulee in, 261 ; 
Mosea Coulee in, 263; Pleisto- 
cene submergence in, 268. 

Coulees, 75, 236, 258. 

Cowlits River, $et Upper Chehalis 
and CowUU Valleys. 

Crater Lake, 433. 

Crater Mound, 283. 

Craters of the Moon National 
Monument, 238, 

Crasy Mountains, 62, 75. 

Crooked Creek, 260. 

Crooked River, 209. 
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Cross aod Howe, Our&y folio, 117, 
Ud, 119; Engineer Mountain 
folio, IIS, 123; Needle Moun- 
tain folio, 118, 123. 

Cross and Penrose, Geology and 
Mining Industry in the Cripple 
Creek District, Colorado, 104. 

Cross and Spencer, Ia Plata folio, 
118, 124; Geology of the Rico 
Mountains, Colorado, 124. 

Cross Mountain, 138. 

Cross Timbers, 37. 

Cross, W., Silverton folio, 118; 
Telluride folio, 118; Rico folio, 
118, 124. 

'luehara River, 43. 

Cypress Hills, 60, 75. 

D 

Dakota forma^on, 27, 31, 44, 96. 

Dakota Hogback, 32, 80, 83. 

Dalles, The, 260. 

Daly, Reginald A., Nomenclature 
of the North American Cor* 
dillera, 200; Geology of the 
North American Cordillera at 
the 40th Parallel, 200, 201, 
202, 204, 205, 208, 211, 428, 
429, 436, 438; Accordance of 
Summit Levels among Alpine 
Mountains, 204. 

Danforth Hills, 138. 

Darton and O'Hsrrt, Aladdin folio, 
84; Belle Pourche folio, 87. 

Darton and Siebenthal, Geology 
and Water Resources of the 
Laramie Basm, 140, 141. 

Darton and Smith, Edgemont folio, 
85. 

Darton, BLackwelder, and Siebeo* 
thal, Lsramie-Sbermao folio, 
100, 141. 

Darton, N. H., Geology and Water 
Remrcea of Western Nebraska, 
17, 18, 19, 21; Camp GlaAe 
folio, 19; Geology and TJnder> 
ground Water Resources of 
the Central Great Plains, 19, 


21, 25, 27, 32, 34, 39, 69, 84, 
86, 88; Srotts Bluff folio, 19, 
22; Geolog)' and Underground 
Waters of the Arkansas Valley 
in Eastern Colorado, 22, 32, 
34, 39; Structure of the Dakota 
Sandstone, 32; Topographic 
Map of the State of New 
Mexico, 47; Newcastle folio, 
65, 79, 84, 87; Aladdin folio, 
77; Geology and Water Re- 
sources of the Northern Por- 
tion of the Black Hills, 79, 
84; Geol^y and Water Re- 
sources of the Southern Half 
of the Black Hills, 82, 83, 
84, 85, 88; Devirs Tower 
folio, 84; Bald Mountain-Day* 
ton folio, 161, 162; Geology 
of the Bighorn Mountains, 
161, 162; Geology of the Owl 
Creek Mountains, 165; Geolog- 
ical Map of New Mexico, 
318; Reconnaissance in New 
Mexico and Arisona, 382; Un- 
derground Water of Luna 
County, New Moxico, 386. 

Datil section, character of, 317; 
Zuni Uplift in, 317; topography 
of, 318; volcanic features of. 
319. 

Davia, W. M., Report on Coal, 
62; Colorado Front Range, 98, 
108, 110, 128, 181; Glaciation 
of theSawatcb Range, Colorado, 
114; Mountain Ranges of the 
Groat Basin, 174. 333, 336; 
Waaateh, Csnyon and House 
Ranges, Utah, 176, 333, 336, 
341, 352, 356; Mission Rsnge, 
Montana, 209; futures of 
Glacial Origin in Montana 
and Idaho, 209, 223; An Excur- 
sion to the Plateau Province 
of Utah and Arisona, 294, 
302; An Excursion to the 
Grand Canyon of the Colorado, 
321, 323. 324; The Geographic 
Cyde in an Arid Climate, 
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345, 343; The Basin Range 
Problem, 362, 369. 

Dawson, 0. M., Geology* and 
Resources of the Region in the 
Vicinity of the 49th Parallel, 3. 

Death Valley, borax depoata of, 365. 

Deer Lodge Valley, 213, 214, 223. 

Defiance monocline, 312, 314. 

Delaware Mountains, 394. 

Deschutes River, 26S, 432. 

Desolation Canyon, 305. 

Devil's Mountain, 34. 

Diablo Plateau, 395. 

Diablo Range, 484. 

Diamond Mountain, 403. 

Diamond Range, 409. 

Dillcr, J. 8., Geology of the Taylors> 
ville Region of California, 
402, 409; Tertiary Revolution 
in the Topography of the 
Pacific Coast, 414, 432, 467. 
480, 491; Mount Bhaata a 
Typical Volcano, 420; Lassen 
P^k folio, 421; The Relief 
of Our Pacific Coast. 425, 
493, 403; The Bohemian Mining 
District, 433; Guidebook of 
the Western United States, 
486, 440, 447, 448. 451, 454, 
461. 464, 480, 603; A Geological 
Reconnaissance in Korthwest' 
em Oregon, 453, 400; Roseliurg 
folio, 4G0, 461; Mineral Re> 
aourccs of Southwestern Oregon. 
461, 467; Coot Bay folio. 463; 
Port Orford folio, 463, 469; 
Topographic Development of 
the Klamath Mountains, 464, 
467, 471; Redding folio, 480. 

Dodwell and Rixon, Forest Condi- 
tions in the Olympic Forest 
Reserve, Washington, 465, 466, 
458. 

Dolores River, 307. 

Draws, 52. 

Drum heller Channels, 260. 

Dry Cimarron River, 44. 

Dry-farming, 255. 

Dunes, 16, 10, 20. 29. 34. 344, 886. 


Dust traps. 387. 

Dutton. C. E., Tertiary History 
of the Grand Canyon District, 
270. 286, 289. 295; Geology of 
the High Plateaus of Utah, 297, 
298, 299, 301, 302, 303, 311, 
320; Mount Taylor and the 
Zuni Plateau, 318. 

Duwamish Valley, 446. 

E 

Eagle Valley, HO. 

East Butte, 239, 240. 

East Ktihab monocline, 278. 

East Paunsagunt fault, 290. 

Eastern Cross Timbers, 57. 

Echo Cliffs monocline, 278, 316. 

Edwards Plateau, general relations 
of 9; boundaries of, 50; topog- 
raphy of. 51; altitudes in, 51; 
valleys In, 52; artesian water in, 
53; vegetation of. 54. 

Ei>] River. 492. 

Eldridgf, Geo. H.. Geological Re- 
connaissance in Northwestern 
Wyoming, 142. 165; a Geologic 
Reconnaissance across Idaho, 
186, 191. 

Dk Mountains, 116. 

Elk Ridge, 310. 

Dkhead Mountains, 139. 

Elkhom Range, 249, 

Dlensburg formation, 267 

El Paso Range, 407. 

Emmona and Calkins. Geology and 
Ore Deposits of the Phllipshurg 
Quadrangle, Montana, 213. 

Emmona, 8. F., Ten mile folio, 112; 
Geology and Mining tndua1r>* 
of Lcadvilic, 113; Anthracite- 
crested Butte folio, 116; Groori 
River Basin, 143, 147. 

Emmons, Tower, snd Weed, Butte 
speeisl folio, 216. 

Endlieh, F. N., RejKnton the Geolo- 
gy of the While River Diatrict, 
305. 

Escalante River, 307. 
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Escarpments, behavior of in arid 
climate, 275. 

Esplanade, The. 292. 

Estancia Valley, 393, 394. 

Estes Park. 102. 

F 

Facets, ess Triangular facets. 

Fairbanks and Carey, Glaciation in 
the San Bernardino Range, 498. 

Fairbanks, H. W,, San Luis folk), 
490, 491, 493. 

Fenaeman, Kevin M., Geology of 
the Boulder District, Colorado, 
101 ; Physiographic Provinces 
and Sections in Western Okla- 
homa and Adjacent Parts of 
Texas, 27S. 

Fernando Pass, 497. 

Ferris Mountains, 135. 

Finlay, Geo. L, Eureka Spriop 
folio, 93. 

Finlay Mountains, 337, 395. 

Fish Lake Plateau, 293. 

Fisher, Cassius A., KepeaU folio, 
16, 34, $7; Geology and Under^ 
ground Water of the Roswell 
Artesian Area, 43, 49; Geology 
and Water Resources of the 
Great Falls Region, Montana, 
79; Giant Springs at Great 
Falls, Montana, 79; Geology 
and Water Resources of the 
Bighorn Basin, 159, 166. 

Fishers Peak, 39. 

Flathead Lake, 223. 

Flathead Mountains, 209. 

Flathead Valley, 201, 206, 208. 

Flattop Mountains, 102, 115. 

Flsxville gravels, 6^ 75. 

Flint Creek Range, 214. 

FUnt Hills, 27. 

Flint, Richard Foster, A Brief 
View of Rocky Mountain Struc- 
ture, 200. 

Fort Union formation, 67. 

Fountain formation, 96. 

Fox Hills formation. 67. 


Franklin Mountains, 383, 385. 

Free, E. E., A Po^ible Error in 
the Estimates of the Rate of 
Geologic Denudation, 848; Top- 
ographic Features of Desert 
Basins with Reference to the 
Occurrence of Potash, 364. 

Freeman and Bolster, Colorado 
River Basin, 378. 

Freeseout Mountains, 135. 

Fremont Peak, 167. 

Fremont River, 307. 

Front Ranges, extent of, 98; sub- 
divisions of, 99, 100, 101, 102, 
103, 104; physiographic history 
of, 105; older cycles of, 105; 
canyon cycle of, 108; glaciation 
of, 108; drainage of, 110. 

Fliller, P. E., The Use of Wind- 
mills in Irrigation in the Semi- 
arid West, 88, 90. 

Q 

Gahilan Range, 434 

Gale, H. 8., OmI Fields of North- 
western Colorado and North- 
eastern Utah, 138. 

Gallatin Range, 317. 

Gallatin River, 216, 224. 

GaltOD Range, 208. 

Gannett, Henry, Report in Hayden 
Survey. 114, 116, 117, 308; 
Forests of the United States, 
236. 

Garnet Range, 215. 

Georgetown district, 102. 

Giant Springs, 79. 

Gila district, 374. 

Gila River, 334. 

GUbert, G. K., Underground Water 
of the Arkansas Valley in 
Elastem Colorado, 11, 13, 16, 
21, 34, 35; Pueblo folio, 46, 
37; Lake Bonneville, 175, 332, 
351, 357, 361, 362; Geobgy 
of ^e Henry Mountains, 311, 
372; Studies of Basin Range 
Structure, 333. 
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GUmftii, S. C., The Olympic Coun* 
try, 465, 456, 457. 

OlaciatioQ, 72, 109, 162, 178. 

Glacier Kationa) Park, 206. 

Glacier Peak, 424, 425. 

Gold Belt, 399, 405, 414. 

Goode, J. P., The Piracy ol the 
Yellowatone, 154. 

Oooee Lake, 350. 

Gore Canyon, 111, 127. 

Gore Range, llO, 111. 

Goahcn Hole lowland, general rela- 
tione of, 17; deacriptioQ of, 
19. 

Gould, Charlea N., Geology and 
Water Reeoureea of the £aeU 
em Portion of the Panhandle 

of Texae, 4, 15, 16; Geolog.^ and 

Water Reeoureea of the West' 
em Part of the Panhandle of 
Texaa, 15, 16. 

Grand Canyon, location of, 286; 
dimenaiona of, 286; topofraphk 
map of a portion of, Pig. 106, 
p. 287; Kaibab diviaion of, 

288; aection in south wall of, 
Pig. 107, p. 289; viewa of, 
Fig. 108, p. 290, Pig. 109, 
p. 291; Kanab division of, 

291; structure of, 292; strata 
exposed in, 293; relations be- 
tween rock structure and valley 
form in, 293. 

Grand Canyon section, definition 
of, 278; sketch map of. Fig. 
102, p. 279; plateaus of, north 
of the canyon, 279; Ban Fran- 
cisco plateau of, 281; climate 

of, 2M; Grand Canyon in, 

286. 

Grand Coulee, 261. 

Grand Flat, 310. 

Grand Hogback, 115, 116. 

Grand Mesa, 306. 

Grand Prairie, 66, 67. 

Grand River, 78. 

Grand Ronde River, 236, 261. 

Grand Teton. 168. 

Grand Wash Cliffs, S8l. 


Grand W'ash fault, 280. 

Granite Canyon, 129. 

Granite Peak. 168. 

Granite Range, 137. 

Grass Valley, 296. 

Great Basin, general character of, 
348; mountains of, 349; lake.n 
of, 349; streams of, 362; sca- 
aonal changes in, 363; vegeta- 
tion of, 364; shores of former 
lakes in, 365; phvaiographic 
history* of, 358; nnneral Tt‘- 
sources of, 364; agriciilturt> 
and gracing in, 365. 

Great Bend lowland, 27. 

Great Divide Basin, rocks of, 
143; topography of, 144. 

Great Falla, 76. 

Great Plains province, boundaries 
of, 1; rainfall of. Fig. 1, p. 2; 
altitudes and slope of, 4; 
sections of, 5; index map, 
central part of, Fig. 2, p. 0; 
index map, northern part of, 
Fig. 3, p. 8; index map, southern 
part of, Fig. 4, p, 10; mineral 
resources of, 80; ground water 
of, 87; soils of, 88; native 
vegetation of, 89; gracing on, 
89; agriculture on, 90; trans- 
portation on, 91. 

Great Sage Hain, 309. 

Great Balt Ukc. 173, 351, 366. 

Great Sandy Dc^rt, 272. 

Greenhorn Mountain, 104. 

Greenhorn Range, 249. 

Green Mountain, 84. 

Greco Mountains. 136. 

Green River, 146, 178, 162. 307, 427. 

Gregory and Moore, cited, 294, 290. 

Gregory, H, E., Geology of th<* 
Navajo Gountr>', 27C, 312, 
320, 322, 324, 326; The Navajo 
Country, 315; Osisis of Tuba, 
Arisons, 317. 

Grinnell Lake and Glacier, 207. 

Griisly Mountain, 403, 406. 

Gros Venire Range, 168. 

Guadalupe Mountains. 394. 
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Gunnison Rivep, 117, 124, 307. 

Gypsum Hills, 30. 

Gypsum Plain, 396. 

H 

Hag;uG, Arnold, Livingston folio, 
62; Park Range, 111; Uiramie 
Plains, 141; Geolo|pcal History 
of Yellowstone National Park, 
153, 156; Yellowstone folio, 
153, 155; Absaroka folio, 159, 
160. 

Hagues Peak, 101. 

Half Dome, 399. 

Hancock, £, T., The History of a 
Portion of Yanpa River, Colo- 
rado, 147. 

Harding, H. T., Possible Supply 
of Water for the Creation of 
the Channeled Scablaods, 222. 

Harney Lake, 273. 

Harney Peak, 79. 

Harney section, character of, 272; 
vegetation of, 273; drainage 
aystem of, 273. 

Haworth, E., Physiography of Kan- 
sas, 16, 16, 22, 23, 24, 27; 
Unde^rouad Water of South- 
western Kansas, 16, 23, 28. 

Hay Valley, 20. 

Ha\'stack Country, 271. 

Heirs Half Acre, 143. 

Henry Mountains, 811. 

Hershey, 0. H., Some Tertiary 
and Quaternary Geolofy of 
Western Montana, Northern 
Idaho, and Eastern Washing- 
ton, 190; Ancient Alpine Gla- 
ciers of the Sierra Costa Moun- 
tains in Oalifomia, 471; The 
Quartemary of Southern Cali- 
fornia, 506. 

Hewett, D. F., The Heart Mountain 
Overthnist, Wyoming, 166. 

High Plains, general relations of, 
5; extent of, 11; origin of, 11; 
rocks of, IS; topography of, 
14; subdivisioas (tf, 16; stream 


valleys of, 22; consequent drain- 
age OQ, 23; western boundary 
of, 24; pb)*siographic history of, 
35. 

High Plateaus of Utah, delimitation 
of, 294; general character of, 
295; Sevier-San Pitch valley 
in, 295; Grass valley in, 296; 
structural features of, 296; 
description of the separate 
plateaus of, 297. 

Highland Mountains, 215. 

Highwood Mountains, 62, 75. 

Hill and Vaughan, Austin folio, 
51; Nueces folio, 51, 63; GeoU 
ogy of the Edward Plateau 
and Rio Grande Plain, 52, 64, 

Kill, R. T., Physical Geography 
of the Texas Region, 37, 40, 
47, 48, 65, 59, 364, 365; Geog- 
raphy and Geology of the 
Black and Grand Paries, 50, 
57, 58. 

Hilb, R. C., Walscnbuig foUo, 36, 
43; £1 Moro folio, 40; Spanish 
Peaks folio, 41. 

Hvback Range, 168. 

Hobbs, W. H., The Cycle of Moun- 
tain Glaciation, 164, 181. 

Hole, A. D., Glacia^on in the Tellu- 
ride Quadrangle, Colorado, 121. 

Holmes, W. H., Report on the Geol- 
ogy of the Northwestern Por- 
tion of the Elk Range, 116. 

Hulway and Diller, Characteristics 
of the Ijswn Peak Eruptions 
of May 20-22, 1915, 421. 

Hoi way, K. S., The Russian River, 
485, 493. 

Huney I^ke, 350, 403. 

Horseheaven Plateau, 265. 

Huuscrock Valley, 303. 

Howard, G. 8., Suspended Matter 
in the Colorado River in 1925- 
1928, 288. 

Howe, E., lAndsbdes in the San 
Juan Mountains, Colorado, 121. 

HoBomeen Range, 429. 

Hueco Basin, 387. 
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Hu«co Mountains, 387, 395. 

Huerfano Park, 40. 

Humboldt Lake, 351, 364. 

Humboldt River, 352. 

Huntington and Goldthwaitei The 
Hurricane Fault in the Toquer- 
ville Diatrict, TJtah, 323, 324. 

Huntsman Hills, 116. 

Hurricane fault, 280. 

I 

Idaho, Mountains of, ms Mountain.^ 
of Idaho. 

Idaho Basin, 191. 

Idaho Kalla, 240. 

Idaho* Wyoming Border, ses Moiin* 
tains of the Idahi^ Wyoming 
Border. 

Intermont basins, sss Basins. 

Interrupted streams, 53, 38 1 . 

Inyo Range, 334. 

J 

Jackson’s Hole, 168. 

Jaggar and Palachc, Bradshaw 
Mountains folio, 361. 

Jaggar, T. A., Economic Resources 
of the Northern Black Hills, 82. 

James River, 76. 

Julfcrson Range, 217. 

Jemes Mountains, 106. 

Jicarilla Mountains., 394. 

John Day River, 228, 233. 

Johnson, D. W., Volcanic Necks of 
the Mount Taylor Region, 
New Mexico, 84, 319; A Recent 
Volcano in the San Francisco 
Mountain Range, 283. 

Johnson, Harry R., Water Resources 
of Antelope Valley, California, 
374, 400. 

Johnson, Willard D., The High 
I^ains and Their UUUsation, 
6, 11, 13, 16, 23, 29, 46, 88,91. 

Jones and Field, Grand Canyon of 
the Yellowstone, 164. 

Jones, J. G., The Peasant Valley, 


Nevada. Earthquake of Oct 
2, 19lo, 335; Origin of the Tufa:- 
of Lake Lahontan, 363. 

Jordan River, 175. 

Jornada del Muerto, 388. 

Judith Mountains, 62. 

Junction Mountain, 138. 

Juniper Cliffs, 382. 

Juniper Mountsln, 138. 

K 

KaiUI) Plateau, 281. 

Kaiparowits Plateau, 301. 

Kanias Prairie, 173. 

Kanab Pbteau, 280. 

Kanab River, 299. 

Kaniksu Range. 211. 

Kansas, loess plains of, 22. 

Keamcv Hills, 27. 

Kemp and Knight, The Ltnicitc 
Hills of Wyoming, 137, 130. 

Kenosha Hilla, 103, 128. 

Kem River, 408, 

Keyes, C. R., Erosions I Origlit of the 
Great Basin Ranges, 333, 347; 
Geology and Water Condiiioiis 
of the Jornada del Muerto, New 
Mexico, 385, 388. 

Kickapoo Springs, 53. 

Kirkham and Johnson, The l.sish 
Formation in Idaho, 226. 

Kirkham, V. R. D., Ceological Re* 
connaiasaocc in Eastern Idaho, 
192, 19U, 221. 231, 230. 

Kittitas Valley, 2C7. 

Klamath Uke. 350. 

Klamath Mountains, distinguishing 
chsracteristics of, 465; <opog> 
raphy of, 467; marine terraces 
bordering, 469; physiographic 
history of, 469; 

Knight, Wilbur C., Reconnaissance 
Ceological Map of Wyoming, 135. 

Kootenai Gorge, 210. 

L 

lAGariU Mountains, 125. 

Lake Bonneville, shores of, 356; 
history of, 361. 
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Lake Chelan, 427. 

Lake Lahontan, shores of, 357; 
history of, 36t. 

Lake Missoula, 222. 

Lake Tahoe, 307, 402. 

Lampasas Cut Plain, 55. 

Landslides, conditions favoring, 121. 

Laney Kim, 133, 144. 

LaPlata Mountains, 114, 124. 

Laramie Basin, 141. 

Laramie formation, 67. 

Laramie Plains, 140, 141. 

Laramie Range, altitudes of, 00; 
rocks of, 100; topography of, 
100 . 

Laramie River, 136, 141. 

Larh Hills, 62. 

Larch Mountain, 460. 

LaRue and Holbrook, Water Supply 
of the Colorado River below 
Green River, Utah, 288. 

LaRue, E. C., Water Power and 
Flood Control of the Colorado 
River, 286. 

LaSal Mountains, 311. 

Lassen Peak, 421. 

Lassen Peak Range, 418. 

Las Vegas Plateau, general relatiooa 
of, 37; description of, 42. 

Lava cones, 230. 

Lawson, Andrew C., The Epigene 
Profiles of the Desert, 332, 
347; Geomorpbogeny of the 
Upper Kem River Basin, 399. 
409, 416; Geomorphic Features 
of the Middle Kem Valley, 
407; Geomorphogeny of the 
Tehachapi Valley System, 407, 
416, 505; PosLPliocene Dias- 
trophism of the Coast of 
tSouthem Califonua, 464, 489, 
504, 609; Report for the Cali* 
fomia Earthquake Commission, 
466, 482, 483, 486, 487, 489, 
492, 493, 500; San Francisco 
folio, 481, 489; Geology of 
Carmelo Bay, 483, 491; The 
Continental Shelf of the Coast 
of California, 483, 505; Geo> 


morphogeny of the Coast of 
Northern California, 491, 492. 

Lee, Stone, GsJe, and others, Guide* 
book of the Western United 
States, 362. 

Lee, Willis T., Raton-Brilliant Koeh* 
ler folio, 37, 40, 43, 45, 105; 
Extinct Volcanoes of Northeast 
New Mexico, 42; Canyons 
of Colorado, 43; Canyons of 
Northeastern New Mexico, 43, 
46; Peneplains of the Front 
Range at Rocky Mountain 
National Park, Colorado, 98. 
102; Geclogica) Reconnaissance 
of a Part of Western Arisons, 
280, 343, 375, 382; Geology 
and Water Resources of Owens 
Valley. California, 365, 366, 
400; Underground Waters ot 
Salt River Valley, Arisona, 
369, 375; Geology of the Lower 
Colorado River, 875; Water 
Resources of the Rio Grande 
Valley in New Mexico, 333, 
385, 390, 392. 

Lciberg, J. B., Absaroka Division 
of Yellowstooe Forest Reserve, 
158. 

Lemhi Valley, 192, 222. 

Leonard, A. G., Topography of 
North Dakota, 67; Geology 
of Southwestern North Dakota, 
70, 72; Pleistocene Drainage 
Changes in Western North 
Dakota, 71; Bismarck folio, 
77; Geology of South Central 
North Dakota, 77. 

Leucite Rills, 139. 

Lewis, John H., Deschutes River, 
Oregon, and Its Utilization, 
269, 271. 

Lewis Range, location of, 205; 
altitudes in, 206; structure of. 
206; glacial features of, 207; 
history of, 207. 

lindgreo and Drake, Nampa folio, 
246, 247. 



IhDBX 


523 


OndgreQ and Kn^wlton, Age of 
the Auriferoua GraveU of the 
Sierra Nevada, 400, 403, 404, 
4L3, 414. 

Lindgren and Turner, Mar>'^*dlc 
folio, 473. 

lindgren, Graton, and Gordon, Ore 
Depoaita of New Mexico. 383, 
385. 

Lindgren, W., Geological Rccon> 
naissance across the Bitterroot 
Bangea, etc., 187, 189, 190. 197, 
198, 199; Gold and Silver Veins 
in Idaho, 189, 929. 230, 238, 
240, 249; Idaho Mining Dis- 
tricts, 189, 190, 191, 231, 246; 
The Idaho Peneplain, 194; 
Boise folio, 228, 246, 247; The 
Gold Belt of the Blue Moun- 
tains of Oregon. 230, 232, 235, 
248; Silver City folio, 242. 
246, 252; Clifton folio, 381; 
Two Neocene Rivers of Cali- 
fornia, 404. 

Little Belt Range, location of, 217; 
structure of, 218; sUiCudes in, 
218. 

Little Book Cliffs, 304. 

Little Lost River, 240. 

Little Rocky Mountains. 61. 

Little Sundance, 84. 

Llano Estacado, uncroded char* 
aeter of, 14; margins of, 46. 

Llano River, 68. 

Loess plains, 21, 86. 

Lolo Pass, 187. 197. 

Lolo Ridge. 186. 

Lolo Trail, 189. 

Longs Peak. lOl. 

Loudcrhack, George D.. Basin Range 
Structure of the Humboldt 
Region, 332, 338, 340; Basin 
Range Structure in the Great 
Basin, 333, 338; Morphological 
Features of the Basin and 
Range Diaplaccmenta. 333; Pe- 
riod of Scarp Produetton in 
the Great Basin. 333. 


Loughlin, G. F., A ReconnalssaiK’C 
in the Southern Wasatch Moun- 
tains, I'tah, 174, 176. 

Lovering, T. 8., The (!eolugi<^ 
Histor>’ of (he Front Range, 
108. 

Lower Californian province, dc* 
script ion of, 608. 

Lower Columbia Valley, 448, 

Lupton, C. T., Oil and Gas hi Ihc 
Western Part of the Olympic 
Peninsula, Washington, 466, 
458. 

M 

MacDougal, D. T., The Salton 
Sea, 378, 379. 

Madison Range, 217. 

Madison River, 151, 216, 

Magdalena Range, 383 

hfalade River, 240, 247. 

Malheur Lake. 273. 

Malheur River, 273. 

Mammoih Hot Springs, 366. 

Mammolh Mountain, 407. 

Mansfield, Geo. R.. <*laemiion in 
the Crasy Mountains of Mon- 
tana, 63; Geography, (ieo1og.v, 
and Mineral Reaources of n 
Part of Southeastern Iclsho. 
167, 170, 171, 172, 193; Tertis ry 
Ptanation in Idaho, 167, 104, 
221; Unusual Type of Lateral 
Hanging Valley, 216. 

Mansano Range, 383, 386. 

Marble Gorge, 281, 286. 

Marin Range, 48$. 

Markagunt Plateau, 297. 

Maniliall Pau, 114. 

Marvin, A. R., The Middle Park, 

111 , 112 . 

Mary’s Peak, 460. 

Mar^aville Buttes, 473. 

Mato Tepee, 84. 

Mattlies, F. E., Glacial Sculpture 
in the Bighorn Mountains, 
Wyoming, 161, 164; Sketch 
of Yosemite National Park. 
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399; Profe$sjonal Paper of the 
U. S- Geological Surve.v forth- 
coming, 404; The Stor>' of the 
Yosemite Valley, 4U; Evidencea 
of Three Glaciationa in the Yose- 
mite Region, 417; Evidences of 
Two Glacial Stages ia the 
Sierra Nevada, 417. 

McDonald Range, 208. 

McGee, W J, Sheet flood Erosion^ 
329, 367, 369. 371, 372, 374. 

Meade Basin, 88, 91. 

Medicine Bow Range, 100, 141. 

Meinser and Hare, Oeolocy and 

Water Resources of the Tula- 
rosa Basin, New Mexico, 386, 
386, 394. 

Meinser, Oscar £., Map of Pleis- 
tocene lakea of the Basin 
and Range Province and Its 
Significance, 360, 363; Geology 
and Water Resources of the 
Estancia Valley. New Mexico, 
386, 393. 

Mendenhall, W. C., Some Deaert 
Watering Places in Southeastern 
California and Southwestern 
Nevada, 330; Two Mountain 
Ranges of Southern CsLifomis, 
497; Development of Vnder- 
ground Waters in the Coastal 
Plain Region of Southern Cali- 
fornia, 607, 608; Ground Waters 
of the San Joaquin Valley, 
California, 607; The Hydrok)^ 
of the San Bernardino Valley, 
California, 607. 

Mendocino Plateau, 485. 

Mesa de Maya, structure of, 39; 
description of, 40. 

Mesa Jumanes, 386. 

Mesa Verde, description of, 308; 
archeological remalos in, 309. 

Mexican Highland, descriptioo of, 
379; mountains in, 380; inter- 
mont basins of, 884; agriculture 
in, 392; mineral resources of, 
393. 

Middle Butte, 239. 


Middle Cascade Mountains, deserrp* 
tion of, 430; structure of, 432; 
local descriptions In, 433; phys* 
iographie history of, 436. 

Middle Park, rocks of, L25; topog- 
raphy of, 126. 

Middle Rocky Mountain province, 
relation to other provinces, 
150; character of, 150; sub- 
divisions of, 150, 166, 160, 
166, 170, 173, 176. 

Milk River, 78. 

Minnekahta limestone, 82. 

Mission Range, 209. 

Missouri Coteau, 73. 

Missouri Plateau, general relations 
of, 7; boundaries of , 61; isolated 
mountains io, 61; unglaciated 
section of, 63; glaciated section 
of, 72; physiographic history 
of, 76; drainage history of, 76. 

Missouri River, 66, 76. 

Mogollon escarpment, 382. 

Mohave Desert, 373. 

Mono Lake, 362. 

Monoliths, 399. 

Montana, mountaina of, 213, 214, 
216,217. 

Montoso Range, 385. 

Monument Uplift, 310, 

Moore, R. C., Si^ificance of En- 
closed Meanders in the Phys- 
iographic History of the Colo- 
rado Bateau Country, 326, 322. 

Moreau River, 78. 

Mortar beds, 13. 

Moses Coulee, 258, 263. 

Mosquito Range, 110, 112, 128 

Mount Adams, 430. 

Mount Baker, 424, 426, 441. 

Mount Eddy, 468. 

Mount Hbert, 114. 

Mount Evans, 102. 

Mount Hamilton Range, 484. 

Mount Hayden, 168. 

Mount Hesperus, 124. 

Mount of the Holy Cross, 114- 

Mount Hood, 430, 441. 

Mount Hosomeen, 424. 
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Mount Jeft«r30n, 430, 431. 

Mount Langley, 405. 

Mount Lincoln, 112. 

Mount Mazama, 435. 

Mount Kebo, 171, 294. 

Mount Olympua, 455. 

Mount PUgah, S3. 

Mount Pitt, 431. 

Mount Rainier, 423, 425. 

Mount Shasta, 123, 206, 420. 

Mount 8t. Helens, 425, 430. 

Mount Stuart, 423, 425, 420. 

Mount Taylor, 319. 

Mount Thoilaon, 431. 

Mount Trumbull, 230. 

Mount Washington, 430, 431. 

Mount Whitney, 396. 

Mount Wilson, 120, 124. 

Mount Zirkel, 111. 

Mountains of the Canadian Border, 
Internal boundahes of, 200; 
structure of, 202; physiographic 
history of, 204; ranges in, 205, 
209, 211. 

Mountains of Idaho, eharact eristics 
of, 1S5; rocks of, 185; local 
names of, ISS; summit le\*eb 
of, 187; valleys of. 190; Hasina 
in, 191; physiographic history 
of, 192; diagram to show hy* 
pothescK of tertiary peneplana* 
lion in, Pig. 73, p. 195; rreourcea 
of, 190. 

Mountains of the Idaho> Wyoming 
Border, general relations of, 
170; structure of, 171; topog- 
raphy of, 171; physiographic 
history of, 172. 

Moxco Crei'k, 267. 

Mud flows, 341. 

N 

Naches River, 267. 

Nacimiento Mountains, 106. 

Kapu Range, 485. 

Navajo Basin, a«e Black Mesa. 

Navajo Mountain. 311, 316. 


Navajo seetion, description of, 312; 
map of, Fig. 112, p, 313; sub- 
divisions of, 314; habitation of, 
317. 

Needle Mountain Uplift, general re* 
latioiis of, 121; structure of, 
121; view in. Fig. 46, p. 122; 
topography of, 123. 

Nehalem River, 461. 

Nelson Range, 203. 

Newell, F. H., Mesa Verde, 309. 

Nes Perce Pass, 187, 197. 

Nes Perce trail, 189. 

Niobrara chalk, 33. 42. 

Niobrara River, 24. 

Nbqually River, 445. 

Noble, L. F., The Shinuma (juad* 
rangte, AKsona, 281, 286, 288, 
289.293. 

North Carson Lake, 360. 

North Park, 126. 

North Platte River, 19, 22, 136. 

Northern Casrade Mountains, de- 
scription of, 422;glarial features 
of, 424; peaks of. 425; valleys 
in, 427; efferu of climate in, 
429; physiogrophic history of, 
436. 

Northern Rocky Mount oin prov- 
inee, distinctive character of. 
183; index mnp of. Pig. 09, p. 
184; subdiviaiona of, 185, 200, 
213, 217, 210. 

Nebraska, aand-hill district of, 19; 
topography in the western part 
of. Fig. ^ p. 20; view in the sand 
hills of, Fig. 10, p. 20; loess 
plains of, 21. 

Nueces River, 53. 

0 

Ocato Crater, 40. 

Ocate mesa, general relations of, 
38; description of, 40. 

OgalaUa formation, 17. 

0*Hara, Qeophas C., Badland For- 
mations of the Black Hills 
Region, 09. 

Oil Mountain Anticline. 135. 



526 PHYSIOGRAPHY OP WESTERN UNITED STATES 


Okanogan Highlands, 202. 

Okanogan Range, 420. 

Okanogan Valley, 202. 

Olympic Mountaina, 455. 

Olympic section, general descrip' 
tion of« 455; mountains of' 
455; lowlands of, 456; shore 
lines of, 456; physiographic 
history of, 457; resources of, 
458. 

Ord Mountains, 383. 

Oregon Coast Range, definition of, 
458; limits of, 45S; view of 
crest of. Fig- 162, p. 459; 
rocks of, 460; structure of, 
460; peneplain and monad- 
nocks on, 460; valley's in, 461; 
coastal plain bordering, 461; 
marine terraces bordering, 463; 
physiographic history of, 463. 

Oregon, North Central, distinguish- 
ing features of, 268; topog- 
raphy of, 270; agriculture in, 
271. 

Organ Range, 385. 

Ortis Mountains, 383. 

Oscura Range, 385. 

Osmont, Vance C., A Geological 
Section of the Coast Ranges 
North of the Bay of San 
Francisco, 485, 492. 

Otter Creek, 296. 

Ouray district, general lelatiens of, 
123. 

Owens Lake, 351, 352, 364. 

Owl Creek Mountains, 135, 158, 
165. 

Owl River, 78. 

Owyhee Mountauis, 246, 248. 

Owyhee River, 246, 247. 

P 

Pacific Border province, general 
description of, 442; subdivi- 
sions of, 443, 455, 458, 465, 
172, 481, 493, 508. 

Pahsimeroi Valley, 222 


Paige, Sydney, Uano-Bumett folio, 
58, 59; Rock-cut Surfaces in 
the Desert Ranges, 347, 372. 

Painted Desert, 316. 

Palo Pinto district, 59. 

Palouse district, extent of, 253; 
altitudes in, 253; topography of, 
253; soils of, 254; water supply 
of, 255. 

Pardee and Br>'an, Geology of 
the LaUh Formation, 228. 

Pardee and Hewett, Mineral Re- 
sources of Oregon, 229. 

Pardee, J. T., Geology and Mineral 
Resources of the Colville Indian 
Reservation, 202, 211, 213, 
252; The Glacial Lake Missoula, 
210, 222; Geology and Water 
Resources of Townsend Valley, 
MonUna, 217, 219, 221, 222, 

223, 234; Coal in the Tertiary 
Lake Beds of Southwestern 
Montana, 219, 223; MonUna 
Earthquake of June 27, 1925, 

224. 

Paria River. 299, 301. 

Park Plateau, general relations of, 
38; structure of, 39; description 
of, 40; rocks of, 40; view of, 
Fig. 18, p. 41. 

Parte Range. 110, 128. 

Parks of Colorado, 125. 

Piunsagunt Plateau, 298. 

Pa van t Plateau. 297. 

Payette River, 246. 247. 

Pa)*etU section, distinguishing fea- 
tures of, 244; altitudes in, 245; 
slopes of, 245; view of Snake 
River Canyon in, Fig. 91, 
p. 245; topography on the lake 
beds in, 246; Owyhee Moun- 
tains in, 246; agriculture and 
grazing in, 247; ground water 
of, 247; mining in, 248. 

Peale, A. C., Three Forks folio, 215. 

Pecos section, general relations of. 
9; character of, 47; altitudes 
in, 47; topography of, 48; 
srteeitn water of, 49. 
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Pecos Valley, 48. 

PedimcQto, see Rock pediments. 

Pend Oreille Lake, 196, 201. 

Perris Plain, 501. 

Pierre shale, 24, 64, 67, 88. 

Pikes Peak, 98. 

Pine Bluffs, 144, 

Pine Ridge escarpment, 17. 

Pink Cliffs, 301. 

Pirsaon, L, V., Petrography and 
Geology of the Igneous Rocks 
of the Highwood Mountains, 
62. 

Plains Border, general relations of, 
5; extent of, 25; origin of. 25; 
view in, Fig. 11, p. 26; eroded 
cuestaa of, 26; rocks of, 27; 
solution topography in, 29; 
physiographic history of, 36. 

Plains of 8an Augustin, 389. 

Platte Basin, 24, 26, 33, 35. 

Platte River, 19. 

Playaa, 341. 

Plummer, F. 0., Forest Condition 
in the Black Meaa Foreat 
Roaerve, Arisona, 285. 

Poncho Paaa, 114. 

Poverty Flat, 188. 

Powell, J. W., Geology of the 
Eastern Portion of the Vinta 
Mountains, 177, 178, 182;Unds 
of the Arid Region, 306. 

Prairie Basin, 192. 

Pneo River, 307. 

Prickly Pear Valley, 223. 

Priest Range, 210. 

Priest River, 210. 

Pricta Mesa, 319. 

Prospect Mountain, 102. 

Prosser, C. 8., The tapper Permian 
of Kansas, 29. 

Provo Lake, 173, 175, 355, 364. 

Provo River, 176. 

Pryor Mountains, 166. 

Puente Hills, 600, 506. 

Puget Sound, description of, 446; 
origin of, 452. 

Puget Sound Basin, distinguishing 
features of, 444: morainic border 


of, 444; gravelly plains of, 
445; rock hills of. 446, 

Puget Trough, general description 
of, 443; districts of, 444, 448, 
449; physiographic history of, 
450; resources of, 464. 

Purcell Mountains, 202, 209. 

Purcell Trench, 201, 209, 210. 

Purgatoire River, 41, 43. 

Purple limestone, 82. 

Puyallup Valley. 446. 

Pyramid Lake, 350, 357, 363, 

Q 

Quartaile Mountains, 123. 

R 

Rabbit Gars Range, 126. 

Race Courae, 83. 

Rainbow Plateau, 316. 

Rampart Range, 98. 

Ranaome, F. L., Problems of Ameri- 
can Geology, 98; Geology an<l 
Ore DeposHs of the Breckin- 
ridge District, Colorado, 103; 
Geology of the Olohe Copper 
District, 381, 382, 386; Bisl>cc 
folio. 38 1; Globe folio. 381; 
The Great Valley of California, 
478, 480, 481. 

Raton Mesa, general relations of, 
38; description of, 39. 

Raton lection, general relaliona 
of, 9; eharacter of, 37; suh- 
di visions of, 37; structure of, 
38; physiographic history of, 
45; vegeiation of, 40. 

Rattlesnake Mountains, 133, 136. 

Rawlins Hills, 136, 187. 

Redbeds, 90. 

Red Desert, 143. 

Red Hills, 28. 

Red Rocks Country, 43. 

Red Valley, 80. 82. 

Red wall formation, 288. 

Reid, John A., Oeomorphogeny 
of the Sierra Nevada North- 
east of Lake Tahoe, 402, 406. 

RoDublican River, 24. 
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Rich, John L., The Physiography 
of the Bishop Conglomerate of 
Southwestern Wyoming, 139| 
146; Old Erosion Surface in 
Idaho, 189. 

Richards and Mansheld, The Bao* 
nock Overthrusti 171. 

Richardson, Geo. B., Castle Rock 
folio, 3^ 98; El Paso folio, 
3S8, 391; Reconnaissance in 
Trans-Pecos Texas, 396. 

Richter, E., Gcomorphologische Uo- 
tersuchungen in den Hocbalpen, 
181. 

Rico Mountains, 124. 

Rio Grande, history of, 390. 

Roan Cliffs, 304. 

Roaring Fork, US. 

Robinson, H. H., The San Fran* 
cisco Volcanic Field, Aritona, 
285; A New Erosion Cycle in 
the Grand Canyon District, 
323. 

Rock pediments, description of, 343; 
development of, 346. 

Rock Springs dome, 135, 137. 

Rock stresms, 121. 

Rock tenaces of soutbem Utah, 
general description of, 299; 
relation of, to geologic struc- 
ture, 303. 

Rocky Mountain National Park. 

101 . 

Rocky Mountain System, extent 
of, 92, 104. 

Rocky Mountain Trench, 201, 209. 

Rogue River, 469. 

Rogue River Range, 468. 

Roosevelt dam and reservoir, 375. 

Rosebud Mountain, 66. 

Ross, C. P., Tertiary InjectioD 
Gneisses in Idaho, 196. 

Roswell Basin, descript km of, 48; 
artesian water of, 49, 87, 90. 

Royal Gorge, 104, 1 10, 128. 

Rukell, I- C., Igneous Intrusions 
in the Neighborhood of the 
Black Hills of Dakota, 84; A 
Reconnaissance in Southeast- 


ern Washington, 227, 228, 264, 
266, 266; Snake lUver Plains 
of Idaho, 227, 231, 238, 239, 
241. 242, 243, 244; Geology 
and Water Resources of Nes 
Perce County, Idaho, 230, 
281, 232, 235, 250, 252, 254; 
Notes on the Geology of South- 
weatem Idaho and Southeast- 
ern Oregon, 231, 248; A Geo- 
logical Reconnaissance in Cen- 
tral Washington, 261; Prelim- 
inary Report on the Gcologv 
and Water Resources of Central 
Oregon, 269, 272, 436; Geo- 
logical History of Lake Lahon- 
tan. $33, 336, 338. 340, 342, 
344. 353, 357, 361, 363, 402; A 
Geological Reconnaissance in 
Southern Oregon, 349; Geology 
of the Cascade Mountains in 
Northern Washington. 422, 424, 
425, 426, 428, 429, 432, 436, 
437, 439. 

Russian River, 492, 493. 

Rustler Hilb, 395. 

S 

SacrmmeDto Basin, 474. 

Sacramento Mountains, 394. 

Sacramento River, 473. 

Sacramento section, description of, 
393; basins in, 394; mountains 
in, 394; bolsons in, 395. 

Saddle Mountain, 460. 

Salinas, 342. 

Salinas Valley, 484, 492. 

Salisbury, R. D., Cloud Peak- 
McKinney folio, 161, 162, 164. 

Salmon Mountains, 467. 

Salmon River. 190, 261. 

Salmon River Mountains, 167, 186, 
188, 189, 196. 

Salt Basin, 395. 

Salt Creek dome, 65. 

Salt marshes, 386. 

Salt River, 375, 384. 

Salt Rri*cr Range, 171. 
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Salton basin, 377. 

Salton Sea, 378. 

Salton Sink, 377, 378. 

Sammamish Lake, 447. 

San Andreas Range, 383, 385. 

San Andreas Rift, 487. 

San Bernardino Peak, 498. 

San Bernardino Range, 495> 498. 
San Diego Bay, 510. 

San Bmigdio Range, 484. 

San Francisco Mountain, 281. 

San Francisco Plateau, esteni of, 
281; topography of, 282; drain- 
age of, 282; volcanic featurt^s 
of, 283. 

San Francisco-Santa Clara Valiev, 
481. 

Ban Gabriel Range. 495, 497. 

San Gorgon io Peak, 496. 

San Jacinto Range, 499. 

San Joaquin Basin, 470. 

San Joaquin River, 473. 

San Juan Mountains, structure of. 
117; topography of, 118; phys- 
iographic history of, 119; land- 
slides in, 120. 

San Juan Region, 117. 

San Juan River, 307. 

Sai; Luis HUU, 130. 

San Luis Peak, 124. 

San Luis Valley, structure of, 130; 
topography of, 130; physio- 
graphic history of. 131; vegeta- 
tion of, 132; artesian water 
of, 132. 

San Mateo Range, 383. 

San Miguel Mountains. 124. 

San Pedro HUU, 504. 

San Pedro Mountains, 383. 

San Pitch River, 295. 

San Rafael Mountains, 485 
San Rafael River, 307. 

San Rafael Swell, 311, 317. 

Sand dunes, sea Dunes. 

Sandia Range. 383, 385. 

Sandoval Basin, 393. 

Sangre do Cristo Range, 104. 

Santa Ana Range, 499. 

Santa Catabna Island, 504. 


Santa Clara Valley, 484, 

Sania Crus Ixland, 504. 

Santa Cruz Range, 484. 

Santa Lucia Range, 484, 485, 490. 

Santa Susanna Range, 497. 

Santa Ynez Range, 495, 495. 

Sapphire Mountains, 214. 

Sauer, Carl, Land Forma in the 
Peninsular Range of California, 
609. 

Saunders, Edwin J., Physiogr&plty 
of the Cowlitz, Nisquslly, Puy- 
allup, White, Green, and Cedar 
Drainage Basins, 445, 448. 

Sawatch Range, structure of, 110; 
description of, U3. 

Sawtooth Range, 100, 188, 190. 

Scahlanda, conditions fa\’oring (he 
development of, 2GI. 

Schrader, F. C., Cold Placers on tho 
Wind and Bighorn Rivers, 
Wyoming, 142. 

Sehults, A. R., Contributions to 
Economic Geology, 1908, 136; 
Tlie Northern Park of the Rock 
Springs Coal Field, Wyoming, 
138; (jcolog,v and Geography of 
a Portion of Lincoln County, 
Wyoming, IG8, 171. 

Scott Mountains, 408. 

Scarlesl^ko, potash depoaitsof, 305. 

Selkirk Mountains, 202, 20D, 210. 

Selkirk Valley, 201. 

Seminole Mountains, 135. 

Sentinel Butte, 07. 

Se\’en Devils, 250. 261. 

Sevier Uke, 350, 351, 352, 355. 

Sevier Plateau, 297. 

Sevier River, 295. 

Sheet floods, 371. 

Sherman Mountains, 100. 

Shinumo Creek, 289. 

Shirley Basin, 135. 

Shirley Mountains, 135. 

Shivwita PUteau, 280. 

Sbonkin Sag, 78. 

Shoshooe Basin, 142. 

Shoshooe Palls, 241. 

Shoshone River, dam in, 150. 



530 PHYSlOORAPllY OF WESTERN UNITED STATES 


Shrive, Forrest, A Map of the 
vegetation of the Unitod States, 
89. 

Siebenthal, C. £., CUciation in the 
Sangre de Cristo Range, Colo- 
rado, 105i Geolog.v and Water 
Resources of the San Luis 
Valley, 125, 130, 131. 

Sierra Anrha Mountains, 382. 

Sierra Blanca Mountains, 394. 

SierrvCascade province, general re- 
lations of, 396; subdivisions of, 
398, 417, 422, 430. 

Sierra de Santiago Mountains. 383. 

Sierra Nevada section, index map 
of, Fig. 141, p. 397; generd 
description of, 398; rocks of, 
398; eastern slope of, 400; 
subordinate ranges at north 
end of, 402; western sbpe of, 
403; Sierra peneplain in the 
northern part of, 403; monad- 
nocks in, 404; topography of 
the Gold Belt in, 405; southern 
part of, 406; streams of, 408; 
glacial features of, 409; Yose- 
mitc Valley in, 409; physio- 
graphic hi8tor>' of, 413. 

Silver Bow Creek, 215. 

Silver Lake, 350. 

Simpson, Howard E., The Phys- 
iography of the Devil’s-Stump 
Lake Region, North Dakota, 
3. 

Siualaw River, 461. 

Siskiyou Mountains, 468. 

Skagit Range, 429. 

Smith and Calkins, Reconnaissance 
across the Cascade Range near 
the 49th Parallel, 423, 424, 
429, 441; Snoqualmie folio, 
424, 426, 427. 432, 436, 440. 

Smith and Willis, Contributions 
to the Geology of Washington, 
252, 266; Tacoma folio, 443, 
445, 447. 453, 455. 

Smith Basin, 191. 

Smith, E. B., The Eastern Part 
of the Great Divide Basin 


Coal Field, Wyoming, 140 
144. 

Smith, Geo. 0., Ellensburg folio, 
228, 230, 232, 266, 267, 432, 
436; Mount Stuart folio, 252, 
424, 432, 437, 438; Geologv 
and Water Resources of a 
Portion of Yakima County, 
Washington, 267. 

Smith, Warren Du Pre, Physical 
and Economic Geography of 
Oregon, 460, 463. 

Smith, W. 8. Tangier, Hartvillc 
folio, 18; A Topographic Study 
of the Islands of Southern 
California, 504. 

Smoke Creek Desert, 355. 

Smoky Hills, 27, 37. 

Snake River, 168, 234; canyon of, 

241, 250; Falls in, 241; flow of, 

242. 

Snake River Plain, general relations 
of, 236; fresh lava surface of. 
238; altitudes in, 239; buttes 
and Uva cones of, 239; streams 
on, 239; soils of, 243; vegetation 
of, 243; agriculture and grasing 
on, 244. 

Snake River Range. 171. 

Snowy RADge, 100. 

Socorro Range, 383. 

Soils, fertility of, in arid lands, 89. 

Solutioo topography, 29. 

Sonoma Range, 485. 

Sonoran Desert, distinguishing char- 
acteristics of, 367; mountains 
of, 367; index map of. Fig 
132, p. 368; basins of, 369; 
Stages of physiographic develop- 
ment in, 369; drainage in, 370; 
sheet floods in, 371. 

SouU) Fork Mountain, 467. 

South Park, 128. 

South Park district, extent of, 103; 
altitudes in, 103; undissected 
character of, 104. 

South Platte River, valley of, 22; 
subsequent character of trib- 
utaries of, 24. 
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Southern Cssead^ Mountains, gen- 
era) description of, 417; Itorders 
of, 418; rocks of, 420; local 
descriptions in, 420, 421; phys- 
iographic history of, 421. 

Southern Rocky Mountain province, 
relations of, to other provinces, 
92; ebaracter of, 92; structure 
of, 93; index map of, Fig. 
30, p. 94; generalised geologic 
map of, ^g. 31, p. 95; mono- 
elinal foothills of, 96; pene- 
plains of, 96; altitudes in, 98; 
subdivisions of, 98, 110. 116, 
117, 125. 

Spanish Peaks, origin of, 41; view 
of, Fig. 18, p. 41. 

Spencer. A. C., Copper Deposits 
of the Encampment District. 
Wyoming, 111. 

Hpurr, J. E,, Origin and Structure 
of the ^in Ranges. 332, 333, 
868, 369. 

Staked Plains, uncroded character 
of, 14; lakes of, 16. 

Stampede Pass, 427. 

Steens Mountain, 349. 

Htchek in-Chelan Valley, 428. 

Steptoe Butte, 254. 

Stewart Peak, 124. 

St. John, Orestes, The Teton Divi- 
sion, 169. 

Stockton Plateau, 50. 

Stormy Mountaiii, 423. 

StOBc, Geo. W., Apishapa folio. 34. 
42, 40. 

Strait of Juan de FUca, 446. 

Stratum plains, 37, 52, 00. 

Strawberry Mountains, 249. 

Stream piracy, 77. 

Stripped plains, tse Stratum plains. 

Sullivan, Vernon L., Irrigation in 
New Mexico, 393. 

Hunaet Crater, 284, 

Swan Range, 209. 

Sweetgrasa Hills, 82- 

Sweetwater Range, 133, 137. 

Sweetwater River, 137. 


T 

Table Rock, 144. 

Tanrall Mountains. 103, 128- 
Tehachapi Range, 407. 

Tejon Pass, 497. 

TelJuridc district, 123. 

Temblor Range, 484. 

Tenmile River, 112, 

Tepee buttes, 34. 

Tertiary basins, general relations of, 
219; index map showing location 
of, in Montana and Idaho, Pig. 
82, p. 220; history of, 221; 

description of. 222. 

Tertiary mantle, origin of, 12; effect 
of, on erosion, 14; cause of <!<>• 
position of. 40. 

Teton Range, general relations of, 
168; structure of, 1G9: diagrnrn 
of the east front of, Fig, (i2, 
p. 109; physiographic hi8tu^^' nf. 
170. 

Texas, geologic map of central, Fig 

22, p. $0. 

Thompson Peak, 468. 

Thouaand Springs, 242, 243. 

Three Porks Basin, 224. 

Three Forks districi, extent of, 215; 
altitudes in, 216; structure of, 
216. 

Three Sisters, 431. 

Umpas limeRlone, 32. 

Todd, J. E., I^liniinary Report on 
(he Oeologv of Northwestern 
Central South Dakota, 0.5, 77; 
His(or>* of (he Missouri River, 
76; Hydrogmphic Histop)- of 
South Dakota, 70, 78; Pn<- 
liminar?* Report on the Oeolng>' 
of South Dakota, 70. 83; 
Exj^nition of the White River 
Badlands in 1890, 77; Thu 
Moraines of Southeastern South 
DakoU, 77. 

Tolman, C. P., Erosion and Deposi- 
tion in the Southern Arisnna 
Botacu: Region. 345, 369. 

Tohto Ptalform. 289. 
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Toroweap fault, 280. 

Townsend Valley, 223. 

Toyab Basin, 48. 

Trapper Peak, 197. 

Trenches, 201. 

Triangular facets, 335. 

Trinity Mountains, 468. 

Tulare Basin, 473, 476. 

Tularosa Basin, 385. 

Turner and Ransomc, Sonora folio, 
399, 405, 413. 

Tuahar Plateau, 297. 

Twin Falls, 241. 

Tyee Mountain, 459, 460. 

V 

Udden, J. A., Erosion, Transporta* 
tion, and Sedimentation Per* 
formed by the Atmosphere, 348. 

Uinkaret Plateau. 280. 

Cinta Basin section, structural rela* 
tions of, 304; view on the edge 
of. Fig. Ill, p. 304; topography 
of, 305; resources of, 

Uinta Mountains, location of. 176; 
structure of, 177; topography 
of, 178; glaciation of, 178; 
history of, 182. 

Umpleby, J. B., Geology and Ore 
Deposits of Lemhi County, 
Idaho, 187, 188, 189, 192, 193, 
252; Some Ote Depoaito in 
Northwestern Custer County, 
Idaho, 188, 189; Geology 
Ore Deposits of the Myers Creek 
Mining District, 211; Geology 
and Ore DepositB of the Oro* 
vjlle*Njghthawk Mining Dis* 
trict, 211; Geology and Ore 
Deposits of the Republic Min* 
iDg District, 211, 213. 

Umpqua River, 461. 

Uncompahgre River, 307. 

Upham, Warren, Tertiary and Early 
Quaternary Base-leveling, $3. 

Upper Arkansas Valley, 129. 

Upper Chehalisaod CowUts VaOeys, 
448. 


Ute Park, 40. 
Ute Peak, 311. 


V 

Valley of California, general rela- 
tions of, 472; topography of, 
472; drainage basins of, 473; 
rocks of. 478; physiographic 
history' of, 479. 

Vasques Mountains, 103. 

Veatch, A. C., Coal Fields of 
Central Civrbon County, Wyo- 
ming, 142; Geography and 
Geology of a Portion of South* 
western Wyoming, 171. 

Vegetation, effect of, on wind 
erosion, 21 ; eflfect of, on head* 
ward growth of valleys, 23; 
as a factor in producing the 
"break of the plains," 26; effect 
of, in the Colorado Piedmont, 
36; of the Great Plains, 89, 
90. 

Verde Breaks, 382. 

Verde River, 384. 

Vermilion Cliffs, 302. 

VeU Pass, 194. 

Virginia Range, 359. 

Virgin River, 299. 

W 

Walcott, C. D., The Post*Plei8(ocenc 
Kevation of the Inyo Range, 
etc., 335, 336. 

Walla Walla section, extent of, 
251; rocks of, 252; eastern 
margio of, 253; Coulee district 
of, 256; Yakima district of, 264; 
north central Oregon district 
of, 268. 

Wallowa Mountains, 249. 

Waring, Gerald A., Geology and 
Water Resources of a Portion 
of Southwest Or^on, 349, 350, 
367. 

Warm Springs Indian Reservation, 
271. 
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Warreo, J. A,, Agriculture in Ihc 
Central Part of the Semi-arkl 
Portions of (he Great Plains, dl. 

Wasatch Mountains, boundaries of, 
173; topography of, 174; glacia> 
tion of, 175; drainage of, 175; 
structure of, 17d; physiographic 
historj' of, 170. 

Wasatch Plateau, 298. 

Washakie Basin, 144, 

Washakie Mountain, 144, 

Washburn, C. W., Geology and Oil 
Propccts of Northwestern Ore- 
gon, 400, 

Washes, 371. 

Washington Lake, 447. 

Water Pocket Aexure, $11, 

Waters and Flagler, Origin of the 
Small Mounds on the Columbia 
Biver Plateau, 271. 

Waterton Lake, 300. 

Wchcr River, 178. 

Weed and Pirsson, Geology* of the 
Little Rocky Mountains. 01; 
Judith Mountains of Montana, 
62; Geology of the Castle 
Mining District, Montana, 217. 

Weed, W, H., Fort Benton folio, 
62, 73, 89, 217; Little Bell Moun- 
taina folio, 62, 217; Geysera, 153; 
Glaciation of the Yellowstone 
Valley North of the Park, 
154; Granite Rocks of Butte, 
Montana, and Vieinity, 215; 
l^hifting of (he Continental 
Divide at Butte, Montana. 216; 
Geology of the Little Belt 
Mountains, 217. 

Wegetnan, C. H., The Salt Creek 
Oil Field, Wyoming. 65. 

Weritttehcc Mountains, 425. 

West Elk Mountains, structure of, 
116; topography of, t16; alti* 
(udes in, 117. 

West Elk Peak, 117. 

Western Cross Timbcra, 57. 

Weatgate and Branson, The l^ter 
Cenosoic History of (he Wind 
River MountainR, 14A 167. 


Wet Mountains, 99, 104. 

Wet Mountain Valley, 104. 

Wheat Beit, 253. 

White, C. A., (leologv and Physiog- 
raphy of a Portion of XortJ;. 
western Colorado and Adjacent 
Parts of Utah and W\' 0 !uing, 
115, 146. 176. 

White Cliffs, 302. 

White Range, 394, 

IVhite River, 445. 

White River formation. 69. 

White River Plateau, 115, 

Whitney, J. D., The Ou'cns Valiev 
EanhciuAke, 400. 

Willamette Valley, 449. 

Willard and Erirkson, Hurve>' of 
(he Coteau of the Missouri, 
73- 

Willard, D. E., The Story of the 
Pralrtw, 3. 73. 

Williams, Ira A., Drainage of Farm 
Lands in the Willarnetlc nml 
Tributary Valleys of Orrgon, 
450, 454. 

Williams River, 384. 

Williams River Mounts Iii.r, 103, 

14$. 

Willis, Bailey, 8tratigrapliy and 
btrueture of the Lewis an<l 
Livinpton Ranges, Montana, 
200; Contributions to ibe Oeol* 
og,v of W'ashington, 423, 42Q, 
428, 437, 439. 440, 441; Drift 
Phenomena of Puget Soun<l, 
450, 452. 453. 

Willis, Roltin, Physiography of the 
California Coast Ranges, 448, 
490, 491. 

Winchester, Hares, an<i Parks, 
The Lignite Fieid of NoMli- 
western Boutli Dakota, 07. 

Wind, work of, 347. 

Wind River, 142. 

Wind River Basin, 135. 142. 

Wind River Range, 166, 

W'innemucea Lake, 350. 

Wolff, J. B., Geology of the Crazy 
Mountains. Montana, 62. 
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Wolf MounUin, 65. 

Wood, L. H., Report on the Region 
between the Northern Pacific 
Railroad and the Missouri 
River, 67, 70, 73. 

W'ood River Basin, 190. 

W'oodru^ and Winchester, Goal 
Fields of the Wind River 
Region, Wyoming, 135, 142. 

Woodruff, E. G., The Lander Oil 
Field, Wyoming, 143. 

Wyoming Basin, relations of, to 
other provinces, 133; mountain 
trends controlling the form of, 
133; index map of, Fig. 43, p. 
134; subordinate basins of, 135; 
drainage of, 136; topography 
of uplifts within, 137; volcanic 
rocks of, 139; plaina topography 
of, 139; influence of climate in, 
140; subdivision of, 141, 142, 
143, 144, 145; phyitographic 
history of, 140; resources of, 
143. 

Wyoming conglomerate, 146. 

Wyoming Range, 171. 

Y 

Yakima dialnct, extent of, 264; 
transverse ridges of, 254; ftruc- 


tural valleys of, 265; physio- 
graphic history of, 266; artesian 
water of, 267; irrigation and 
agriculture in, 267. 

Yakima River, 265, 427, 440. 

Yallo Bally Mountains, 467, 468. 
Vampa Basin, 145. 

Yampai Cliffs, 382. 

Yampa Peak, 138. 

Yampa River, 137, 133. 

Yaquina River, 461. 

Yellow Mountain, 120. 

Yellowstone Canyon, view of. Fig. 

55, p. 152; history of, 154. 
Yelbwstone L^e, 154. 

Yellowstone Plateau, general rela- 
tions of, 150; topography of, 151; 
Phyuographic history of, 151; 
glacial features of, 153; featureo 
of, due to heated waters, 155; 
scenic features of, 155; moun- 
tains bordering, 156, 156. 
Yelbwstone River, 63, 66, 151. 

Yob Range, 435. 

Yosemite Valley, 409. 

Young, C. A., Geology and Mineral 
Resources of Canada, 3. 

2 

Can von. 301. 



